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ABSTRACT 


Part  A 

The  effect  of  cyclic  freezing  and  thawing  on  a  poor  quality  sub  base 
material  modified  with  additives  was  investigated <,  The  minus  number  40 
sieve  fraction  of  a  plastic  clayey  gravel  was  treated  with  various  small 
quantities  of  Portland  cement  and  lime  fly  ash  admixture.  A  series  of  Atterberg 
Limit  tests  were  run  on  a  set  of  treated  samples  cured  at  constant  temperature, 
and  an  identically  treated  set  subjected  to  cyclic  freezing  and  thawing.  It 
was  found: 

(a)  The  additives  brought  about  a  marked  modification  and  improvement 
in  the  adverse  plasticity  characteristics  of  the  native  material. 

(b)  Cyclic  freezing  and  thawing  had  a  further  beneficial  influence. 

Part  B 

A  laboratory  testing  apparatus  for  measuring  the  permeability  of  a 
minus  three  inch  clayey-gravel  mixture  was  developed.  Permeability  measure¬ 
ments  were  made  on  two  such  materials  at  various  densities,  both  in  their 
native  state  and  treated  with  the  above  mentioned  additives.  It  was  found: 

(a)  The  permeability  of  clayey-gravel  mixtures  of  the  gradations 
tested  vary  over  an  extremely  wide  range  and  are  sensitive  to  seven 
different  variables. 

(b)  The  additives  cause  a  slight  increase  in  permeability. 

(c)  The  permeability  test  is  not  suitable  for  routine  classification 
of  this  type  of  material. 
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CHAPTER  I 


INTRODUCTION 

In  many  parts  of  Canada,  but  particularly  in  the  Prairie  Provinces 
the  problem  of  obtaining  good  quality  granular  materials  and  aggregates 
suitable  for  highway  and  airport  pavement  construction  is  becoming 
increasingly  acute.  The  situation  is  deteriorating  yearly  as  ever  increas¬ 
ing  quantities  of  granular  material  are  required,  more  rigid  quality  control 
is  demanded  in  the  construction  of  modern  heavy  duty  pavements,  and  known 
sources  of  suitable  material  are  being  rapidly  depleted. 

During  the  last  continental  glaciation  the  Prairie  region  was 
covered  with  a  heavy  mantle  of  glacial  drift  or  till.  It  is  generally  possible 
to  find  a  deposit  of  granular  material  in  this  mantle  but  the  problem  is  one 
of  quality.  Most  of  the  good  quality  clean  aggregates  are  currently  being 
obtained  from  isolated  post  glacial  outwash  or  fluvial  deposits.  While  these 
deposits  may  require  some  processing  such  as  screening,  blending  and  crushing, 
they  will  generally  produce  a  satisfactory  material .  However  these  deposi  ts 
are  being  rapidly  depleted  and  there  are  many  areas  where  they  do  not  exist 
within  economic  hauling  distance  of  a  project.  It  is  in  these  areas  that 
the  Engineer  must  turn  to  the  parent  glacial  till  as  a  source  of  base  course 
and  sub  base  material. 

Typically,  due  to  their  glacial  origin,  these  deposits  are  extremely 
variable  and  the  material  is  generally  poorly  graded  containing  an  excessive 
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quanti  fry  of  silt  or  plastic  clayey  fines  and  in  some  cases  organic  material . 
Experience  has  shown  that  such  material  cannot  be  relied  upon  to  perform 
satisfactorily  as  a  pavement  sub  base  particularly  where  drainage  conditions 
are  poor  or  where  the  material  is  liable  to  become  saturated,  as  is  frequently 
the  case. 

The  Department  of  Highways,  Province  of  Alberta,  are  faced 
squarely  with  this  problem  and  have  therefore  initiated  a  study  of  ways  and 
means  of  treating  or  stabi  Sizing  these  typical  sub  marginal  materials  in  order 
that  they  may  be  safely  incorporated  in  highway  sub  base  and  base  courses. 

The  study  is  being  carried  out  by  the  Research  Council  of  Alberta  in  co¬ 
operation  with  the  Department  of  Civil  Engineering,  University  of  Alberta. 

This  investigation  forms  part  of  this  continuing  study. 

Two  materials,  both  plastic  clayey  soi l-aggregate  mixtures,  that 
were  considered  to  be  typically  representative  of  the  problem  were  selected 
for  this  study.  The  gradation  of  these  typical  materials  are  shown  in  Plate  I . 

The  materials  will  be  classified  and  described  in  more  detail  later  but  the 
grain  size  distribution  is  introduced  here  because  it  is  one  of  the  main  character¬ 
istics  that  renders  them  unsuitable  for  highway  construction. 

The  inter-relationship  between  gradation,  density  and  stability  has 
been  shown  by  Yoder  (15)*  in  his  discussion  of  granular  bases  and  sub  bases. 


*  The  numbers  in  parenthisis  refer  to  the  bibliography  at  the  end  of 

Chapter  XVI . 
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He  shows  that; 
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di 


(a)  the  grain  size  distribution  of  a  well  graded  soi  1  -aggregate 
mixture  may  be  represented  by  the  equation; 

P=  100  d  n  . . . . . . . (1) 

\D 

where  P  =  percent  by  weight  finer  than  any  sieve  size  d 
D  =  maximum  size  of  aggregate  in  the  mix 

(b)  maximum  density  usually  occurs  when  the  exponential  n  equals  0.5 

(c)  maximum  stability  usually  occurs  when  the  percentage  of  fines* 
in  the  mix  is  just  slightly  less  than  that  required  for  maximum  density. 

When  the  mix  contains  fine  material  in  excess  of  the  quantity  required 
for  maximum  density  the  grain  to  grain  contact  between  the  larger  aggregate 
particles  is  destroyed  and  the  particles  tend  to  float  in  a  matrix  of  fines. 

This  loss  of  granular  interlock  lowers  the  friction  angle  and  stabili  ty  of  the 
mix.  By  referring  to  Plate  I  where  the  curve  of  equation  (1)  has  been  plotted 
for  a  value  of  n  equal  to  0.5  it  will  be  seen  that  the  above  described  condition 
is  one  of  the  characteristics  of  these  materials. 


*  In  this  discussion  the  term  "fines"  refers  to  that  material  passing  the 

number  200  sieve.  The  term  "binder"  refers  to  that  material  passing  the 
number  40  sieve  including  the  fines. 


r. 


■  v . ; 


i 


*  ; 


'i 


{  ) 

(  )' 


l  . 


i 


J 


I  .J 


.  J' 


,  :  ,’l  i 


J 


i 


don i  9riJ  ot  01  X  aaloyO  .oimritiieioJ-imsZ 


Size  in  Millimeters 


It  follows  that  if  the  fines  interfere  with  the  grain  to  grain 
contact  between  the  larger  aggregate  particles  the  stabili  ty  of  the  mix 
will  become  highly  dependant  on  the  strength  characteristics  of  the  material 
causing  the  interference.  One  would  therefore  expect  the  stabi li ty  of  a 
soil  aggregate  mix  containing  an  excess  of  plastic  clayey  fines  to  be 
highly  dependant  on  moisture  content  which  is  a  fundamental  character¬ 
istic  of  plastic  clays.  Actually  this  has  been  shown  by  Deklotz  (12).  He 
found  that  for  a  given  percentage  of  soil  binder  the  higher  the  plasticity 
of  the  binder  the  lower  the  stability  of  the  mix.  The  effect  became  very 
pronounced  as  the  binder  content  was  increased  beyond  that  required  for 
maximum  density  as  given  by  equation  (1).  Work  done  by  Clark  (1)  and 
Millions  (2)  at  the  University  of  Alberta  confirms  that  the  material  under 
investigation  exhibits  this  same  characteristic;  i.e.  a  marked  loss  of 
shearing  strength  as  the  moisture  content  increases  above  the  optimum 
required  for  compaction. 

That  the  stabili  ty  of  a  soil-aggregate  mix  containing  a  highly 
plastic  binder  will  be  adversely  affected  by  moisture  has  long  been  recog¬ 
nized  by  highway  engineers  and  accounts  for  the  frequently  used  specification 
which  reads  in  part,  "the  fraction  passing  the  number  40  sieve  shall  have  a 
liquid  limit  not  greater  than  twenty  five  and  a  plasticity  index  not  greater 
than  six."  (AASHO  Designation  M147-49)  (22).  As  will  be  shown  later  the 
materials  under  study  will  not  meet  this  specification.  In  summary  then, 
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these  materials  are  unsuitable  for  use  in  highway  sub  bases  for  two  reasons: 

(a)  They  contain  an  excess  quantity  of  fines. 

(b)  The  binder  fraction  is  too  highly  plastic. 

Previous  investigators  (1,  2)  have  shown  that  the  incorporation 
of  small  quantities  of  Portland  cement  and  mixtures  of  lime  and  fly  ash 
into  these  materials  brought  about  definite  improvements  in  their  shearing 
strengths  and  plasticity  characteristics.  Their  results  indicated  that  the 
treated  material  was  superior  to  the  native  gravel  in  sustaining  load, 
resisting  deflection  and  distributing  load  to  the  sub  grade.  One  question 
that  remained  unanswered,  however,  was  the  durability  of  the  treated 
material  or  the  permanency  of  these  effects  under  the  influence  of  field 
weathering  conditions. 

Since  the  additive  concentrations  used  by  these  investigators  were 
small,  and  since  the  curing  times  were  generally  short  it  was  reasonable 
to  assume  that  most  of  the  gain  in  shearing  strength  was  due  to  a  modification 
of  the  plastici  ty  characteristics  of  the  fines  rather  than  any  defini  te  pozlanic 
or  cementing  action.  It  was  therefore  concluded  that  the  plasticity 
characteristics  could  be  effectively  used  to  study  the  influence  of  cyclic 
freezing  and  thawing  on  the  treated  materials.  This  led  to  part  "A"  of 
this  investigation,  namely  the  influence  of  cyclic  freezing  and  thawing  on 
the  plasticity  characteristics  of  the  binder  fraction  of  a  clayey  soi  I -aggregate 
mixture  treated  with  Portland  cement  and  lime  fly  ash  additives. 
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Part  "B"  of  this  investigation  followed  from  Millions1  (2) 
observations  which  led  him  to  conclude  that  the  marked  loss  of  strength 
with  increasing  moisture  content  was  due  to  the  low  permeabili ty  of  the 
material.  He  reasoned  that  the  effect  of  the  additives  was  to  increase 
the  permeabi  li  ty  of  the  material  thereby  permitting  more  rapid  dissipation 
of  pore  pressure  and  this,  in  accordance  with  Casegrande*s  Working  Hypothesis 
(14)  would  explain  the  higher  shearing  strengths.  It  was  then  reasoned  that 
the  coefficient  of  permeability  might  possibly  be  suitable  criteria  to  use 
in  the  selection,  classification  and  treatment  of  these  sub  marginal  materials. 
It  was  also  reasoned  that  if  the  coefficient  of  permeability  should  prove  to 
be  a  useable  criteria  the  permeability  test  would  be  much  more  adaptable 
to  routine  and  field  laboratory  use  and  would  require  a  much  smaller  invest¬ 
ment  in  testing  equipment  than  would  the  twelve  inch  vacuum  triaxial  test. 
Part  "B"  of  this  investigation,  namely  a  study  of  the  permeability  of  the 
native  materials  and  the  influence  of  the  additives  thereon  was  therefore 
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PART  A 


A  STUDY  OF  THE  INFLUENCE  OF  CYCLIC 
FREEZING  AND  THAWING  ON  A  CLAYEY 
GRAVEL  STABILIZED  WITH  ADDITIVES, 


:  :  :  '  .  :  ,  n 

. ;  .  i  :  .  : 

:i.  r;  :  :  -  i 


CHAPTER  II 

CLASSIFICATION  AND  ANALYSIS  OF  THE 


MATERIAL  INVESTIGATED 

The  material  used  in  this  part  of  the  investigation  was  obtained 
from  the  Crawford  pit  (SW  33-36-20-W4)  near  Stettler,  Alberta.  It  was 
a  very  dirty,  dark  grey  clayey  gravel  mixture  containing  an  excessive 
quantity  of  plastic  clayey  fines  and  some  organic  matter.  The  gravel 
fraction  ranged  from  sub  angular  to  rounded.  The  material  was  a  GF  soil 
in  accordance  with  the  U.S.  Corps  of  Engineers  Airfield  Classification 
System  (3).  The  AASHO  classification  was  A-2-6  with  a  group  index  of 
zero.  (4). 

Table  I  shows  the  average  results  of  twelve  sieve  analysis  and 
Atterberg  Limit  tests  on  the  Crawford  pit  material  carried  out  by  the 
Department  of  Highways  and  reported  by  Clark  (1).  Since  this  analysis 
was  done  by  experienced  and  competent  personnel  and  the  results  are 
considered  reliable  it  was  not  deemed  necessary  to  duplicate  the  work  for 
the  purpose  of  this  investigation.  This  gradation  was  therefore  taken  as 
average  for  the  pi  t . 

The  laboratory  prepared  gradation  of  the  Crawford  pit  material  used 
by  Millions  (2)  in  his  triaxial  tests  and  the  Atterberg  Limits  of  the  untreated 
minus  number  40  sieve  fraction  thereof  are  shown  in  Table  II. 
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TABLE  I 

Mechanical  Analysis  and  Atterberg  Limits 
Crawford  Pi  t 
Reported  by  Clark 


Sieve  Size  %  Passing  (Dry  Wt .) 


3" 

100 

Atterberg  Limits  of  minus  No. 40 

l  in 

1  2 

90 

fraction 

3/4" 

73 

Liquid  Limi t  35.8 

No. 4 

40 

Plastic  Limi t  19.5 

No. 10 

25 

Plastici ty  Index  16.3 

No.  40 

14 

No.  200 

8.9 

Oversize  6% 

TABLE  II 

Mechanical  Analysis  and  Atterberg  Limits 
Crawford  Pit 
Reported  by  Millions 


Sieve  Size  %  Passing  (Dry  Wt .) 


3" 

100 

Atterberg  Limits  of 

minus 

1±" 

•  2 

93 

fraction 

3/4" 

75 

Liquid  Limi  t 

38.5 

No.  4 

43 

Plastic  Limi  t 

20.3 

No. 10 

29 

Plastici  ty  Index 

18.2 

No. 40 

17 

No.  200 

11.2 
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Since  this  part  of  the  investigation  involved  a  study  of  the 
plasticity  characteristics  of  the  minus  number  40  sieve  fraction  of  the 
Crawford  pit  material  an  attempt  was  made  to  obtain  from  the  pit  material 
that  would  duplicate  as  nearly  as  possible  the  plasticity  characteristics 
reported  by  Clark  and  Millions.  The  Atterberg  Limits  of  the  material  used 
were  as  follows: 

Liquid  Limi t  40.4 

Plastic  Limi t  23.7 

Plastici ty  Index  16.7 

The  variations  in  limit  values  of  the  material  used  in  the  three 
investigations  is  indicative  of  the  variation  in  the  pit  material.  The  gravel 
used  for  each  investigation  was  taken  from  the  pit  at  different  times  and 
an  exact  duplicate  material  could  only  be  obtained  by  trial  and  error.  Since 
the  pit  is  over  100  miles  from  Edmonton  this  was  not  feasible. 

The  cement  used  in  this  investigation  was  normal  Portland  Type  1. 

The  analysis  of  the  fly  ash  used  was  reported  by  Clark  (1).  The  lime  analysis, 

supplied  by  the  manufacturer,  was  as  follows: 

Ignition  Loss  ............ .22.9% 

SiC>2  .............. « .... .  0.3% 

Fe°2  )...... . 0.4% 

aio2  ) 

MgO  ............ _ ....  1.2% 

CaO . . . . . 74.8% 
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CHAPTER  III 


PROCEDURE 

The  material  was  received  from  the  pit  in  100  lb.  bags.  Upon 
receipt  it  was  spread  out  in  shallow  pans  and  allowed  to  come  to  "air  dry" 
moisture  equilibrium.  This  process  was  assisted  by  periodic  stirring  and 
directing  jets  of  air  over  the  samples  as  they  dried. 

The  air  dried  material  was  then  put  through  the  Los  Angeles  Abrasion 
machine  in  50  lb.  batches;  each  batch  receiving  100  revolutions  in  the  machine 
with  the  steel  balls  removed.  The  purpose  of  this  treatment  was  to  break  up 
the  clay  lumps  and  remove  the  clay  adhering  to  the  larger  aggregate  particles. 
The  pulverized  material  was  then  broken  down  into  sized  fractions  by  hand 
sieving  over  the  following  sieves:  3,  1^,  3/4  and  3/8  inches.  The  minus 
3/8  inch  material  was  then  put  through  a  ROTEX  power  driven  sieving  machine 
and  the  fol lowing  fractions  were  obtained:  minus  numbers  4,  10,  and  40. 

To  obtain  uniformity  the  whole  minus  number  40  fraction  was  placed 
in  a  tilting  drum  type  concrete  mixer  and  mixed  in  the  dry  state  for  three 
minutes.  It  was  then  discharged  into  a  large  plaster  boat  and  spread  out  in  a 
uniform  layer.  Approximately  35  lbs.  of  material  was  then  taken  from  the 
plaster  boat  for  use  in  this  part  of  the  investigation.  The  remaining  material 
was  put  in  bags  and  stored  for  part  "B"  of  the  investigation. 
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The  minus  number  40  fraction  for  use  in  the  freeze  thaw  tests  was 
placed  in  a  large  mixing  bowl  and  thoroughly  mixed  by  hand  to  insure  absolute 
uniformity.  The  material  was  then  weighed  out  in  1200  gram  (air  dry  we ight) 
batches  and  placed  in  2  lb.  honey  cans. 

The  following  additive  concentrations  expressed  as  a  percentage  of 
the  dry  weight  of  the  untreated  material  were  used.  * 

(a)  Portland  Cement  2,  5  and  8  percent 

(b)  Lime-fly  ash  (in  the  ratio  1:2)  3,  6  and  10.5  percent 

These  concentrations  were  selected  to  cover  the  range  used  by  Clark  (1)  and 
Millions  (2).  The  additives  were  then  weighed  out  and  added  to  the  dry 
material.  After  each  addition  each  sample  was  thoroughly  mixed  by  hand  in 
the  dry  state  to  ensure  uniform  dispersion  of  the  additives.  The  containers 
were  then  capped  and  the  samples  were  placed  in  the  storage  room  in  the  dry 
state  to  await  the  testing  programme. 

Since  other  investigators  (1,2,9)  found  that  definite  changes  in  the 
Atterberg  Limit  values  of  the  treated  material  occur  as  a  function  of  curing 
time  when  cured  at  constant  temperature,  it  was  necessary  to  prepare  two 
separate  samples  for  each  additive  concentration  being  studied.  One  sample, 
the  time  control  sample,  was  cured  at  constant  temperature  whi le  the  other 


*  Unless  otherwise  stated  all  additive  concentrations  in  this  investigation 

have  been  computed  on  a  dry  weight  basis  and  are  expressed  as  a  percentage  of 
the  dry  weight  of  the  untreated  material. 
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was  subjected  to  cyclic  freezing  and  thawing.  In  this  way  the  effect  of  the 
cyclic  freezing  could  be  co-related  to  the  changes  that  normally  occur  as  a 
function  of  curing  time. 

Some  preliminary  Atterberg  Limit  tests  on  the  material  revealed  the 
difficulty  that  was  to  be  encountered  in  obtaining  reliable  and  reproduceable 
results  at  the  higher  additive  concentrations.  It  was  apparent  that  a  depart¬ 
ure  from  A.S0T.M„  Standard  Procedure  (5)  would  have  to  be  made  in  forming 
the  groove  in  the  liquid  limit  device.  When  the  groove  was  formed  in  accord¬ 
ance  with  A.S.T.M.  Procedure  the  two  halves  of  the  divided  specimen  would 
come  together  simply  by  sliding  on  the  surface  of  the  cup.  This  meant  that 
the  resistance  to  sliding  on  a  brass  surface  was  being  measured  rather  than 
the  shearing  strength  of  the  material. 

Several  dozen  tests  were  run  in  order  to  evolve  a  grooving  procedure 
that  would  eliminate  this  problem  and  produce  consistent  results.  The 
procedure  evolved  was  as  follows: 

The  AST M  Standard  grooving  tool  was  used  (5).  The  cup  was  placed 
in  the  limit  device  and  the  height  of  fall  adjusted  to  1.0  cm.  Sufficient  mat¬ 
erial  was  placed  in  the  cup  to  form  a  flat  level  surface  level  with  the  outer 
lip  of  the  cup  in  the  lowered  position.  The  tool  with  its  handle  held  at  an 
angle  of  45  from  the  vertical  was  placed  squarely  at  the  geometric  center  of 
the  soil  surface.  It  was  then  pressed  firmly  downward  until  it  contacted  the 
bottom  of  the  cup.  Holding  it  firmly  against  the  cup  the  tool  was  then  pulled 
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toward  the  operator  in  a  circular  motion  so  that  the  handle  was  vertical  as 
the  tool  slid  off  the  lip  of  the  cup„ 

This  resulted  in  a  uniform  groove  from  the  impact  point  to  the  lip 
of  the  cup  and  left  a  small  bridge  of  soil  on  the  hinge  side  of  the  impact  point. 
This  soil  bridge  effectively  eliminated  the  sliding  action  previously  mentioned. 
Approximately  two  dozen  trial  runs  showed  that  different  operators  using  this 
procedure  could  achieve  consistent  results  and  the  procedure  was  adopted  as 
standard  for  this  investigation. 

Preliminary  tests  were  run  to  determine  time  and  temperature  require¬ 
ments  for  one  complete  freeze  thaw  cycle  of  the  1200  gram  samples.  Trials 
indicated  that  6  hours  at  an  ambient  air  temperature  of  -30  C  were  ample 
to  ensure  complete  freezing  of  the  specimen  and  that  it  would  thaw  at  an 
ambient  air  temperature  of  +20  C  in  the  same  time.  Wi th  this  information  a 
testing  schedule  was  set  up  and  rigidly  followed  to  ensure  that  all  specimens 
received  exactly  the  same  treatment.  The  schedule  is  shown  in  Appendix  A. 

It  will  be  noted  that  the  samples  were  removed  from  the  frost  room  twelve 
hours  prior  to  testing.  This  was  done  to  ensure  the  samples  being  at  room 
temperature  when  the  tests  were  made. 

The  freeze  thaw  programme  commenced  on  June  24th  (day  No„l)  on  the 
schedule.  At  1000  hours  sufficient  distilled  water  was  added  to  the  samples 
indicated  on  the  schedule  to  bring  them  close  to  but  below  their  liquid  limit. 
The  samples  then  cured  at  moist  room  temperature  (22  1  2  C)  for  six  hours 
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prior  to  placing  the  freeze  thaw  samples  in  the  frost  room. 

The  testing  schedule  best  illustrates  the  treatment  the  samples 
received.  The  limit  tests  were  run  in  pairs,  as  far  as  possible  by  the  same 
operator  using  the  same  equipment.  Frequent  cross  checks  between  two 
operators  at  different  times  during  the  programme  served  as  a  check  on  uniform¬ 
ity  of  procedure  and  consistency  of  results. 

Moisture  control  during  the  programme  was  not  rigid  but  each  day 
all  samples  were  thoroughly  mixed  and  brought  to  approximately  the  same 
consistency;  just  below  the  liquid  limit.  This  presented  some  difficulty  in  the 
early  stages  when  rapid  changes  were  occuring  and  the  samples  with  the 
higher  additive  contents  built  up  a  definite  granular  structure  that  required 
considerable  manipulation  to  break  down  before  tests  could  be  run. 

Throughout  this  programme  ASTM  procedures  were  used  as  far  as 
possible.  Only  two  major  departures  were  made.  One,  previously  described, 
concerned  the  method  of  grooving,  the  other  was  the  method  of  preparing  the 
minus  number  40  fraction  where  the  Los  Angeles  Abrasion  machine  was  utilized 
to  break  up  the  clay  lumps.  Obviously  a  mortar  and  pestle  would  not  be  suitabl 
for  this  type  of  material  in  the  quantities  required. 
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CHAPTER  IV 


FREEZE  THAW  TEST  RESULTS 

The  Atterberg  Limit  test  results  obtained  in  part  "A"  of  this 
investigation  are  presented  here  in  three  forms  in  the  order  of  chronological 
development: 

Form  "A"  -  Table  III 

Form  A  is  a  table  of  numerical  values  wherein  the  freeze  thaw 
and  corresponding  time  control  test  results  for  each  additive  concentration 
are  arranged  in  pairs  in  order  of  curing  time. 

Form  "B"  -  Plates  II  to  VII  inclusive 

Form  B  is  a  graphical  presentation  of  the  data.  For  each 
additive  concentration  a  graph  has  been  prepared  showing  the  observed 
Atterberg  Limits  as  a  function  of  the  number  of  freeze  thaw  cycles  and  cor¬ 
responding  constant  temperature  curing  time. 

Form  "C"  -  Plates  VIII  to  XI  inclusive 

In  this  form  the  data  are  presented  in  a  series  of  composite 
plots  of  Atterberg  Limits  versus  percentage  additive  which  show  the  influence 
of  the  three  major  variables;  additive  content,  time  and  temperature. 
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TABLE  3  * 


1 

SUMMARY  OF  ATTERBERO  LIMIT  TEST  RESULTS  ON  CRAWFORD  PIT  FINES 

ADDITIVE  CONTENT 
%  DRY  WT. 

NO.  OF  FREEZE 

THAW  CYCLES 

1 

3 

12 

25 

. :  ,  ...  . 

48 

1  %  LIME 

SAMPLE  1 

FREEZE  THAW 

Wl 

38.2 

39.1 

38.3 

38.2 

38.2 

Wp 

31.9 

31.7 

29.3 

28.2 

27.0 

Ip 

6.3 

7.4 

9.0 

10.0 

11.2 

2  %  FLY  ASH 

SAMPLE  7 

TIME  CONTROL 

WL 

40.4 

41.1 

40.8 

40.9 

42.1 

Wp 

32.5 

32.8 

32.4 

. 

31.1 

.  ...  .  ... 

■ .  1 

28.6 

Ip 

7,9 

8.3 

..  ...... 

8.4 

9.8 

-  ■ 

13.5 

2%  LIME 

4  %  FLY  ASH 

j 

' 

SAMPLE  2 

FREEZE  THAW 

WL 

36.2 

38.6 

35.9 

36.7 

34.4 

Wp 

32.5 

31.3 

3f  .0 

. 

28.8  27.9 

Ip 

3.7 

7.3 

4.9  |  7.9 

6.5 

SAMPLE  8 

TIME  CONTROL 

WL 

40.1 

41.0 

42.4  44.0 

44.1 

Wp 

32.7 

33.6 

34.3 

33.9  34.7 

Ip 

7.4  7.4 

8.1 

10. 1  9.4 

3.5  %  LIME 

; 

7%  FLY  ASH 

SAMPLE  3 

FREEZE  THAW 

WL 

33.6 

33.5 

34.0 

34.5 

34.3 

Wp 

N.  P. 

31.9 

32.6 

' 

31.3 

31.4 

Ip 

0 

1.6 

1.4  3.2  2.9 

. 

SAMPLE  9 

TIME  CONTROL 

WL 

37.8 

40.1 

41.4  43.6 

47.1 

Wp 

N.  P. 

37.8 

. 

36.8  36.8 

— 

39.1 

Ip 

0 

2.3 

•  •  ' 

4.6  6.8 

8.0 

'  . 

J  1  . 

SAMPLE  4 

FREEZE  THAW 

WL 

39.3  38.2 

37.6 

35.3 

35.5 

Wp 

32.6  31,8 

29.8 

28.9 

29.5 

2  %  N.  P.  c. 

Ip 

6.7  6.4  7.8  6.4 

6.0 

SAMPLE  10 

TIME  CONTROL 

_ 

WL 

42.2 

42.9  43.5  44.2 

47.3 

Wp  * 

33.1 

33.3  33.0 

33.9 

33.0 

Ip 

9.1 

9.6  10.5 

10.3 

14.3 

j  • . ■ . V 

. 

WL 

39.8 

39.9  38.7  38.2 

37.7 

SAMPLE  5 

FREEZE  THAW 

Wp  33.9 

35.5  33.3 

34.1 

33.2 

1 

5  %  N  .  P  .  c . 

Ip 

6.3 

- j 

4.4  5.4  4.1  4.5 

Wl  44.3  45.5  47.2  48.3 

51.3 

SAMPLE  il 

TIME  CONTROL 

Wp  35.1  38.3  39.1  42.8  43.3 

. 

Ip  9.2  7.2  7.4  5.5  8.0 

* 

t 

8  %  n„  p.  c. 

SAMPLE  6 

FREEZE  THAW 

ML 

. . . . 

Wp 

Ip 

40.6  38.3  38.2  36.2 

35.8  36.2  35.2  33.8 

4.8  2.1  3.0  2.4 

37.6 

34.7 

2.9 

WL 

43.9 

46.3  47.3 

48.4 

50.5 

SAMPLE  12 

TIME  CONTROL 

Wp 

- 

39.1 

4.8 

41.8  42.5 

4.5  4.8 

42.5 

5.9 

44.8 

5.7 

18 


Number  of  Freeze  Thaw  Cycles  Plate  II 


Number  of  Freeze  Thaw  Cycles  Plate  III 
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CHAPTER  V 


DISCUSSION  OF  RESULTS 

From  a  perusal  of  the  data  in  form  "B"  several  facts  are  immediately 
apparent . 

The  first  one  is  the  magnitude  of  the  experimental  errors.  In  spite 
of  rigid  adherence  to  a  standard  test  procedure  and  careful  control  of  all 
variables  that  would  reasonably  be  expected  to  influence  the  results,  some 
fairly  large  obvious  experimental  errors  are  apparent.  These  errors  are 
attributed  to  the  very  nature  of  the  material  and  the  Atterberg  Limit  test 
itself.  It  will  be  seen  that  in  practically  all  cases  the  plasticity  index  was 
less  than  10.  In  other  words  there  was  a  very  narrow  range  of  moisture 
content  between  the  liquid  and  the  plastic  limit.  The  material  tended  to 
be  granular  and  friable  and  behaved  marre  like  a  silt. 

It  was  observed  that  the  amount  of  mixing  and  working  prior  to  the 
test  had  an  effect  on  the  results.  Working  seemed  to  increase  the  liquid  limit. 
This  same  phenomena  has  been  observed  by  other  investigators  (6)  studying  the 
effects  of  working  or  mixing  on  a  pure  clay. 

The  effect  here  is  believed  due  to  the  tendency  of  the  material, 
particularly  at  the  higher  additive  contents  to  build  up  a  structure.  Consider¬ 
able  effort  was  required  to  break  down  this  structure  before  a  limit  test  could  be 


run. 
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This  fact  is  in  itself  highly  significant.  It  means  that,  in  addition 
to  the  modification  of  the  clay  fraction  brought  about  by  the  additives, 
there  is  also  a  cementing  action  and  in  the  undisturbed  state  the  material 
would  possess  even  better  strength  characteristics  than  would  be  indicated  by 
the  Atterberg  Limits.  Strangely,  this  tendency  to  build  up  a  structure  was 
more  pronounced  in  freeze  thaw  samples.  This  is  believed  to  be  due  to  the 
influence  of  crystal  growth  and  pressure  during  the  freezing  process.  Baver 
(7)  has  shown  that  during  slow  freezing  large  crystals  form  which  serve 
as  growth  centers  to  which  water  is  drawn  from  around  the  particles. 

This  dehydration  effect  in  conjunction  with  the  internal  pressure  causes  a 
more  intimate  contact  between  the  soil  grains  and  results  in  an  aggregating 
effect . 

Due  to  the  friable  nature  of  the  material,  it  was  also  difficult 
to  obtain  consistent  plastic  limit  results  and  here  in  particular  operator 
technique  plays  a  large  part.  In  spite  of  the  difficulties  encountered  and 
the  inevitable  scattering  of  results,  some  fairly  definite  patterns  are  evident . 

The  effect  of  the  cement  additive  will  be  discussed  first  and 
reference  is  made  to  the  data  in  form  B,  Plates  II  to  IV  inclusive. 

With  respect  to  the  time  control  samples  the  initial  reaction 
which  occurred  during  the  first  24  hours,  shown  as  one  cycle  on  the  graphs,  was  a 
slight  increase  in  liquid  limit  and  a  marked  increase  in  plastic  limit.  The  net 
result  of  this  change  in  limits  reduced  the  plasticity  index  to  about 
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half  its  original  value.  The  general  trend  thereafter,  as  curing  proceeded, 
was  toward  a  slight  increase  in  both  liquid  and  plastic  limits,  the  plasticity 
index  remaining  approximately  constant. 

With  respect  to  the  freeze  thaw  samples  the  initial  reaction 
resulted  in  little  if  any  change  in  liquid  limit.  The  plastic  limit  increased 
approximately  as  it  did  in  the  time  control  samples  resulting  in  a  much  lower 
plastici ty  index,  approximately  one  third  its  original  value.  Following  the 
initial  reaction  as  the  samples  were  subjected  to  repeated  freezing  and 
thawing  the  general  trend  was  toward  a  slight  lowering  or  drop  in  both  liquid 
and  plastic  limits  the  plasticity  index  again  remaining  approximately  constant. 

The  net  effect  of  the  cyclic  freezing  on  the  samples  treated  with 
Portland  cement  was: 

(a)  To  arrest  the  initial  increase  in  liquid  limit. 

(b)  Cause  a  progressive  reduction  rather  than  an  increase  in  the 
numerical  value  of  both  liquid  and  plastic  limit  as  curing  proceeded. 
This  trend  however  is  not  pronounced. 

(c)  Due  to  (a)  above,  cause  a  marked  reduction  of  the  plasticity 
index.  In  all  cases  the  plasticity  index  of  the  freeze  thaw  samples 
was  lower  than  that  of  the  corresponding  time  control  samples. 

Consider  now  the  effects  of  the  lime  fly  ash  additive  and  refer  to 
Plates  V  to  VIII  inclusive.  Here,  broadly  speaking  the  pattern  is  similar 


but  somewhat  more  complicated.  It  would  appear  that  different  reactions 
occur  at  different  additive  concentrations. 

At  an  additive  concentration  of  3  percent  there  was  very  little 
difference  in  behavior  of  the  time  control  and  freeze  thaw  samples.  There 
was  little  change  in  liquid  I  i  mi  t  „  Initially  the  plastic  limit  was  increased 
and  the  plastici  ty  index  lowered  but  there  was  a  discernible  tendency  for 
the  material  to  revert  to  its  original  state  as  curing  proceeded.  Cyclic 
freezing  had  little  effect  except  to  lower  both  the  liquid  and  plastic  limits 
very  slightly  below  those  of  the  constant  temperature  samples. 

At  an  additive  concentration  of  6  percent  the  initial  reactions 
were  about  the  same  as  they  were  with  the  3  percent  concentration;  the 
trends  however  were  different .  Both  the  liquid  and  plastic  limits  tended 
to  increase  when  cured  at  constant  temperature  and  to  decrease  with  cyclic 
freezing,  similar  to  the  reactions  observed  in  the  samples  treated  with 
Portland  cement.  The  plasticity  index  of  both  the  freeze  thaw  and  time 
control  samples  increased  slightly  with  curing. 

When  the  lime  fly  ash  content  was  raised  to  10.5  percent  the 
reactions  were  quite  different .  Ini  ti ally  the  liquid  limit  of  the  time  control 
sample  was  lowered  and  the  plastic  limit  was  raised  to  the  extent  that  the 
material  became  non  plastic.  The  freeze  thaw  sample  also  became  non 
plastic  but  the  liquid  limit  was  considerably  below  that  of  the  time  control 
sample.  As  curing  proceeded  the  plastic  limit  of  the  time  control  sample 


t  7 


i  j  .  -  .  .  i  .  .  i  ‘  1 

.  ..  .  i.  ri\  j  -  i  ■ ;  7  .  .  i-J  -  ' 


.7 


/  i  ;  * 


/  .  - 1  . 


■  .j 


j  ■ 


,  ;  i  .. . .  .  i  . 


.71.. 


.  i.i  7.  7  .7  7 


i  .  . !  J 


.  ■ 


i . ; .  i 


i  .  . 


\  i  ■; 


7. , :  .  7  '  7  ...  .  7  ..  . 


i  i  .  .  7  i  .  i  •  .  ■  •  7  ■ 


l  .777.  i  . 


i  .  i  ■  ■  .71 


i'  7  .  .  .  ...  .  .  .  -  ‘  <  1  ■ 

....  7  .  .  .  .  ■  1 


7  .  .  7  ;  :  7' 


7  i  7  '71  i  j  .  l  7  •  •  - 


.7  ...  7  7  i  ... 


;  .  .7  7  .  .  j  7  7  ... - 


...  ,  4  , 

J  ■  i 


o  .  .7  .  :  i  ■  ' 

; .  7  .  .  I  .  .  i  • 


.  i 


i  ..  7 


.7  7  i  .  V  .  7 


.  .  7  .7  .  '  .  i 


i  1  i  . 


j  .  i 


.7  '.7 


•7  •  :  ■ 


.  7  . 


7  .7  .....  . 


,  ■  . .  . 


i  . 


i  ■  i 


32 


remained  relatively  constant  but  the  liquid  limit  increased  resulting  in  a 
progressive  increase  in  the  plasticity  index.  The  cyclic  freezing  caused  a 
very  slight  increase  in  liquid  limit  and  a  slightdecrease  in  plastic  limit.  This 
resulted  in  a  small  increase  in  plasticity  index  as  the  cyclic  freeze  thaw  curing 
proceeded . 

In  all  cases  when  the  material  was  treated  with  the  lime  fly  ash 
admixture  the  effect  of  cyclic  freezing  was  generally  to  lower  both  the 
liquid  and  plastic  limits  below  the  corresponding  values  of  the  material  cured 
at  constant  temperature.  With  the  exception  of  the  material  treated  with 
3  percent  lime  fly  ash  cyclic  freezing  also  lowered  the  plasticity  index. 

A  more  comprehensive  picture  of  the  inter-relationship  between 
additive  content,  Atterberg  Limits,  curing  time  and  number  of  freeze  thaw 
cycles  can  be  obtained  by  studying  the  data  as  presented  in  form  "C". 

Consider  the  effects  of  the  Portland  cement  first  and  refer  to  Plates  VIII 
and  IX. 

Plate  VIII  shows  the  relationships  for  the  constant  temperature 
curing.  Here  is  will  be  seen  that  there  is  a  definite  increase  in  both  liquid 
and  plastic  limits  and  a  reduction  of  plastici  ty  index  wi  th  increasing  addi  tive 
content . 

For  a  curing  period  of  50  days  there  seems  to  be  a  fairly  well  defined 
optimum  additive  concentration  at  about  7  percent.  However  for  the  one  day 
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curing  period  there  appears  to  be  an  optimum  for  the  liquid  limit  only; 

the  plastic  limit  appears  to  increase  steadily  with  increasing  additive  content. 

This  increase  in  plastic  limit  with  additive  content  does  not  agree 
with  Millions1  (2)  findings.  He  concluded  that  a  cement  content  of  3 
percent  was  the  optimum  value  with  respect  to  plastic  limit  and  little 
further  change  occurred  beyond  this.  It  should  be  noted  however  that  Millions 
drew  his  conclusions  from  the  results  of  a  series  of  tests  made  after  a  curing 
period  of  one  hour  and  these  results  were  heavily  weighted  with  data  on 
additive  concentrations  between  0.5  and  2.0  percent  „  Additive  concentra¬ 
tions  of  less  than  2  percent  were  not  studied  in  this  investigation  however 
it  is  considered  that  Millions1  one  hour  test  results  can  with  equal  validity 
be  interpreted  to  show  an  increase  in  plastic  limit  up  to  a  cement  content 
of  about  7  percent  and  that  his  24  hour  test  results  (interpolated  from 
Fig.  I3C  of  reference  2)  can  be  interpreted  in  no  other  way*  The  only  real 
divergence  therefore  is  that  Millions1  data  tends  to  show  a  peak  in  the 
plastic  limit  versus  cement  content  curve  at  a  cement  content  of  about 
7  percent  whereas  the  data  obtained  in  this  investigation  tends  to  show  a 
steady  increase  up  to  8  percent  and  by  extrapolation  somewhat  beyond. 

It  is  unfortunate  that  data  were  not  obtained  for  higher  additive 
concentrations  but  8  percent  was  considered  the  maximum  economically 


feasible  for  field  use. 


34 


Refer  now  to  Plate  IX  which  shows  the  influence  of  cyclic  freezing 
and  thawing  on  the  above  described  reactions. 

Firstly,  it  must  be  pointed  out  that  the  liquid  and  plastic  limits 
shown  on  this  plot  at  zero  percent  additive  do  not  really  belong  here  because 
no  data  were  obtained  on  the  influence  of  cyclic  freezing  and  thawing  on 
the  natural  material.  This  was  an  unfortunate  oversight  as  it  is  quite  possible 
that  cyclic  freezing  and  thawing  would  have  an  influence  on  these  values  (7). 
The  points  have  been  shown,  however,  because  they  complete  the  picture 
and  more  clearly  illustrate  the  effect  of  freezing. 

The  net  effect  of  cyclic  freezing  is  to  cause  a  drop  rather  than  an 
increase  in  liquid  limit.  The  build-up  of  the  plastic  limit  is  retarded  and 
the  material  still  remains  slightly  plastic  up  to  a  cement  content  of  8  percent. 
Extrapolating  the  curves,  it  would  appear  that,  at  a  cement  content  of 
about  12  percent  the  material  would  become  non  plastic  with  a  liquid  limit 
of  about  34,  somewhat  lower  than  for  the  time  control  specimens.  Caution 
must  however  be  used  in  extrapolating  these  curves  to  predict  the  materials 
behavior  beyond  an  additive  concentration  of  8  percent  because  in  all 
probability  at  higher  cement  contents  a  definite  cementing  action  would 
become  the  most  significant  result  of  the  treatment,  particularly  in  an 


undisturbed  material  and  the  Atterberg  Limits  could  not  be  used  to  evaluate 
this.  It  may  be  concluded  however  that  from  the  point  of  view  of  modifying 
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the  plasticity  characteristics  of  the  minus  40  sieve  fraction  of  this  material 
the  efficiency  of  the  treatment  diminishes  above  a  cement  content  of  eight 
percent . 

Consider  now  the  effects  of  the  lime  fly  ash  additive  and  refer  to 
Plates  X  and  XI.  It  will  be  seen  that  the  general  pattern  of  the  lime 
fly  ash  reactions  is  similar  to  that  of  the  Portland  cement.  There  are 
however  some  important  differences. 

Initially,  in  the  time  control  samples,  there  was  a  rapid  rise  in 
plastic  limit  as  the  additive  increased  to  3  percent  and  there  was 
practically  no  change  in  liquid  limit.  While  this  agrees  with  findings  of 
other  investigators  (8)  the  reaction  is  not  permanent  and  the  plastic  limit 
tends  to  revert  with  time  back  toward  its  initial  value.  As  the  additive 
concentration  approaches  4  percent  the  initial  increase  in  plastic  limit 
becomes  more  permanent  and  at  concentrations  above  4.5  percent  the  effect 
of  time  is  reversed,  thereafter  the  plastic  limit  tends  to  increase  with  time 
for  any  given  additive  concentration  up  to  10.5  percent. 

It  is  interesting  to  note  that  the  first  significant  time  increase 
in  liquid  limit  starts  to  occur  at  about  the  same  additive  concentration  that 
causes  the  reversal  of  the  time  effect  on  the  plastic  limit.  Clearly  then 
4  percent  is  the  minimum  quantity  of  lime  and  fly  ash  that  should  be  used 
if  permanent  results  are  to  be  achieved. 
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An  investigation  of  the  physio-chemistry  of  these  reactions  was 
beyond  the  scope  of  this  project  but  Yoder  (15)  states  that  the  action  of 
lime  in  a  soil  may  be  divided  into  three  distinct  reactions: 

(a)  Alteration  of  the  water  film  structure  surrounding  the 

clay  particles. 

(b)  Coagulation  (aggregation)  of  the  particles. 

(c)  Reaction  of  the  lime  with  soil  components  to  form  new 

chemical  compounds. 

It  is  quite  possible  that  a  transition  from  reaction  (a)  to  reaction 
(b)  accounts  for  the  changes  tha  I  seem  to  occur  at  a  lime  fly  ash  concentration 
of  about  4.5  percent. 

It  is  also  interesting  to  note  that,  at  an  additive  concentration 
of  10.5  percent,  the  material  initially  was  practically  non  plastic  with  a 
liquid  limit  of  about  37.5.  The  effect  of  time  was  to  increase  the  liquid 
limit,  the  plastic  limit  remaining  at  about  the  same  value.  In  other  words, 
the  plasticity  index  will  increase  with  time.  A  review  of  the  literature 
indicates  that  generally  the  liquid  limit  of  materials  treated  with  lime  and 
fly  ash  admixtures  decreases  with  curing  time.  However,  Goecker  et  al  (9) 
report  data  on  eight  different  soils,  two  of  which,  a  silty  clay  loam  and  a 
si  I  ty  clay  showed  an  increase  in  liquid  limit  with  time  when  treated  wi  t  h 
lime-fly  ash  admixture.  Yoder  (15)  reports  that  the  addition  of  lime  will 
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cause  the  liquid  limit  of  silty  soils  to  increase  and  that  of  clayey  soils  to 
decrease.  It  would  seem  therefore,  that  the  behavior  of  the  liquid  limit 
is  somewhat  erratic  and  depends  on  the  nature  of  the  particular  soil. 

It  is  again  unfortunate  that  data  were  not  obtained  at  a  higher 
additive  concentration,  particularly  wi th  this  additive  because  the  curves 
are  of  such  a  nature  that  they  cannot  be  readily  extrapolated  beyond  10.5 
percent  but  it  is  worth  noting  that  the  plastic  limit  curves  appear  to  be 
converging  and  would  come  to  a  point  at  an  additive  concentration  of 
about  12  percent.  Should  they  actually  come  to  a  point,  then  there  is 
no  way  of  predicting  what  they  would  do  beyond  that  point.  On  the  other 
hand,  the  tendency  to  converge  is  not  pronounced  and  may  simply  be  an 
optical  illusion  caused  by  inaccuracies  in  the  data.  They  may  then  run 
approximately  parallel  and  at  about  the  same  slope  to  intercept  respectively 
the  1,  3,  12,  25  and  50  cycle  liquid  limit  curves.  In  other  words,  the 
material  would,  with  increasing  additive  become  non-plastic  with  a 
progressively  higher  liquid  limit. 

In  turning  now  to  the  influence  of  cyclic  freezing  and  thawing  on 
these  lime  and  fly  ash  reactions,  it  will  be  seen  immediately  that  the  net 
effect,  as  with  the  cement,  is  a  marked  lowering  or  reduction  of  liquid  limit 
with  increasing  additive  content  up  to  10.5  percent.  The  build-up  or  increase 
in  plastic  limit  is  also  retarded.  It  appears  that  a  lime-fly  ash  content  in 
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excess  of  5  percent  would  be  required  to  achieve  a  significant  and  permanent 
beneficial  effect. 

It  would  seem,  from  the  shape  of  the  curves,  that  the  effect  of 
cyclic  freezing  and  thawing  on  both  the  liquid  and  plastic  limits  is  going 
to  be  reversed  at  a  lime-fly  ash  concentration  above  11  percent.  From  the 
data  available,  however,  it  is  not  possible  to  predict  what  the  limit  values 
are  going  to  do. 


CHAPTER  VI 


SUMMARY  OF  RESULTS 


The  significant  findings  derived  from  part  A  of  this  investigation 
and  which  are  applicable  to  the  minus  No.  40  sieve  fraction  of  the  Crawford 
pit  material  are  summarized  briefly  in  the  following  paragraphs.  The 
pertinent  numerical  values  can  best  be  obtained  from  Plates  VIII  to  XI 
inclusive. 

1.  The  Portland  cement  additive; 

(a)  increased  the  liquid  limit 

(b)  increased  the  plastic  limit 

(c)  decreased  the  plasticity  index. 

20  The  effect  of  cyclic  freezing  and  thawing  on  the  material  treated 
with  cement  was; 

(a)  to  lower  the  liquid  limit 

(b)  to  cause  a  smaller  increase  in  plastic  limit 

(c)  to  cause  an  even  larger  decrease  in  plasticity  index. 
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3.  Curing,  both  at  constant  temperature  and  by  cyclic  freezing  and 
thawing; 

(a)  augmented  the  changes  in  liquid  and  plastic  limit 
described  in  (1)  and  (2)  above 

(b)  caused  little  change  in  the  plastici ty  index  over  and 
above  the  initial  reactions,, 

4.  The  initial  action  of  the  lime  fly  ash  additive  was  to; 

(a)  cause  a  slight  reduction  of  liquid  limit 

(b)  increase  the  plastic  limit 

(c)  lower  the  plasticity  index. 

5.  Curing  at  constant  temperature  modified  the  initial  reactions 
described  in  (4)  above  as  follows: 

(a)  It  caused  the  liquid  limit  to  increase  well  above  its 
original  value. 

(b)  It  caused  a  reduction  in  plastic  limit  when  the  additive 
content  was  less  than  4.5  percent  and  an  increase  in  plastic 
limit  at  higher  additive  concentrations. 

(c)  It  caused  the  plasticity  index  to  increase. 

6„  Cyclic  freezing  and  thawing  of  the  material  treated  with  lime  and 


fly  ash; 

(a)  lowered  the  liquid  limit  well  below  its  original  value 
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(b)  resulted  in  a  smaller  increase  in  plastic  limit. 

7.  The  optimum  cement  content  was  approximately  7.0  percent  by 
dry  weight  of  the  minus  No.  40  sieve  fraction. 

8.  There  was  no  well  defined  optimum  lime  fly  ash  content  but 
concentrations  in  excess  of  5.0  percent  were  required  to  achieve 
significant  and  permanent  results. 

9.  Portland  cement  concentrations  in  excess  of  7  percent  or  lime 

fly  ash  concentrations  in  excess  of  10  percent  caused  a  pronounced 
aggregating  or  granulating  effect  that  was  even  more  noticeable 
in  the  freeze  thaw  samples. 

10.  Development  of  a  cementing  action  was  evident  in  the  samples 
containing  the  highest  concentrations  of  both  additives  during 
the  early  stages  of  curing. 

So  far  the  discussion  has  been  limited  to  the  effects  of  the  additives 
used  and  the  modifying  influence  of  cyclic  freezing  and  thawing.  It  would 
now  be  wel I  to  consider  these  effects  in  relation  to  the  sui tabi li  ty  of  the 


material  as  a  sub  base. 


7  ,  «  '  ■  -  '  '  i  .  l 


J 


'  '  .  //  /  . 


CHAPTER  Vi  I 


APPLICATION  OF  THE  RESULTS 

There  are  two  broad  concepts  or  philosophies  behind  the  use  of 
lime-fly  ash  or  Portland  cement  additives  in  sub  base  or  base  course  materials. 
One  is  simply  to  modify  a  sub-standard  granular  material.  The  primary  objective 
here  is  to  alter  the  material  in  such  a  way  as  to  eliminate  its  undesirable 
characteristics.  For  example,  to  lower  its  plasticity  index  sufficiently  to 
bring  it  into  the  realm  of  suitable  material  for  the  purpose  at  hand.  In  this 
way  the  latent  strength  of  the  natural  material  can  be  developed  under 
environmental  conditions  that  would  otherwise  make  it  unsuitable. 

The  second  and  most  common  philosophy  is  the  field  of  soil  cement. 

Here  the  main  objective  is  to  increase  the  bearing  capacity  of  a  material  by 
the  incorporation  of  additives  that  will,  through  chemical  bonds,  develop  a 
definite  cementing  action.  In  materials  of  the  type  under  investigation  the 
transition  from  modification  to  cementation  is  not  sharply  defined  and  is 
largely  a  matter  of  the  quantity  of  additive  used.  This  study  deals  primarily 
with  the  former  use,  that  is  to  modify  a  sub-standard  clayey  aggregate  so 
that  it  can  be  used  as  a  sub  base  material. 

Highway  Engineers  have  long  recognized  that  the  liquid  limit  and 
plasticity  index  of  the  soil  fraction  of  a  soil -aggregate  mixture  have  an 
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important  i nfluence  on  the  sui tabi Si  ty  of  a  material  as  a  sub  base  (10) . 

To  quote  from  Ref „  10  "Under  average  conditions  of  drainage  and  compaction, 
the  value  of  a  material  as  a  sub  grade  may  be  considered  to  vary  inversely 
as  the  Group  Index."  The  Group  Index  is  given  by  the  following  empirical 
formula: 

Group  Index  =  0.2a  +  0.005  ac  +  0.01  bd 

Where: 

a  =  That  portion  of  the  percentage  of  the  material  passing 
the  number  200  sieve  in  excess  of  35  but  not  exceeding  75 
expressed  as  a  whole  number  from  1  to  40. 

b  =  That  portion  of  the  percentage  of  the  material  passing 
the  number  200  sieve  in  excess  of  15  and  not  exceeding  55 
expressed  as  a  whole  number  from  1  to  40. 

c  =  That  portion  of  the  liquid  limit  greater  than  40  but  not 
exceeding  60  expressed  as  a  whole  number  from  1  to  20. 

d  =  That  portion  of  the  plasticity  index  greater  than  10  but 
not  exceeding  30  expressed  as  a  whole  number  from  1  to  20o 
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It  will  be  seen  that  the  group  index  is  a  function  of  the  following 
three  main  variables: 

1  .  The  percentage  passing  No.  200  sieve. 

2.  The  liquid  limit. 

3.  Plastici ty  index. 

To  quote  again  from  the  Committee  Report  (10),  "The  weighing  and  adopted 
critical  ranges  of  the  variables  represent  the  best  judgement  of  the  committee 
based  on  a  study  of  average  relative  evaluations  placed  on  sub  grade  materials 
by  several  highway  organizations  which  use  the  tests  involved  in  the  system." 

It  was  shown  in  Chapter  I  that  both  the  quantity  and  the  quality 
of  the  fines  or  minus  No.  200  sieve  fraction  of  a  soil -aggregate  mix  have  an 
important  and  interrelated  influence  on  stability.  However,  since  this  study 
is  concerned  primari ly  wi th  the  relative  influence  of  liquid  limit  and  plasticity 
index  on  the  sui  tabi  li  ty  of  the  material  as  a  sub  base,  we  can  ignore  for  the 
moment  the  influence  of  the  percentage  of  material  passing  the  No.  200  sieve. 

A  high  liquid  limit  is  generally  considered  objectionable  as  it  is 
indicative  of  high  compressibility.  This  is  reflected  in  the  Civil  Aeronautics 
Classification  System  (10)  and  particularly  in  the  Corps  of  Engineers,  Airfield 
Classification  System  (13)  where  a  liquid  limit  of  50  is  considered  to  be  the 
dividing  line  between  high  and  low  compressibility. 

A  high  plasticity  index  is  usually  indicative  of  poor  shearing  strength 
characteristics  with  respect  to  changes  in  moisture  content .  To  illustrate  this 
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consider  a  hypothetical  base  course  aggregate  devoid  of  binder  or  minus 
number  40  sieve  material,.  Two  binder  materials  are  available  for  blending. 
Both  have  a  liquid  limi t  of  40  but  (a)  has  a  plastici ty  index  of  20  whereas 
(b)  has  a  plasticity  index  of  5  percent.  Consider  two  mixes  both  containing 
the  same  percentage  of  binder  but  mix  (a)  contains  binder  (a),  whereas 
mix  (b)  contains  binder  (b).  Now  consider  the  shearing  strength  character¬ 
istics  of  the  two  mixes  with  respect  to  increasing  moisture  content. 

As  the  moisture  content  of  the  binder  of  material  (a)  rises  beyond 
20  percent  the  binder  will  begin  to  lose  its  binding  properties  and  act  as 
a  lubricant  (12).  This  usually  causes  a  reduction  in  both  the  cohesion  and 
the  angle  of  internal  friction  of  the  material  with  consequent  loss  of  shearing 
strength.  The  binder  of  materia!  (b)  will  perform  its  function  satisfactorily 
up  to  a  moisture  content  of  35  percent  and  even  beyond  this  will  not  have  th 
same  lubricating  properties.  A  high  plasticity  index  is  also  indicative  of 
large  volume  changes  with  respect  to  changing  moisture  content  (11),  a 
characteristic  undesirable  in  a  sub  base  material. 

Shearing  strength  is  generally  considered  a  more  important  factor 
than  compressibility  in  a  sub  base  material  for  the  simple  reason  that  it  is 
usually  placed  in  relatively  thin  layers;  the  object  being  to  spread  the  load 
and  transmit  it  at  lower  intensity  to  the  weaker  material  below. 

That  the  preceding  concepts,  developed  primarily  for  fine-grained 
soils,  can  still  be  applied  in  a  quali  tative  way  to  soil  aggregate  mixtures 
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has  been  shown  by  Deklotz  (12).  He  found  a  definite  correlation  between 
the  quantity  "D"  times  the  percentage  of  fines  in  the  mix  and  the  California 
Bearing  Ratio.  The  quantity  "D"  is  defined: 


D  = 


Plastici ty  Index 
Liquid  Limit 


x  100 


It  has  been  shown  that  the  Atterberg  Limits  of  the  fine  fraction 
are  a  useable  cri teria  wi th  which  to  judge  the  sui  tabi li  ty  of  a  granular 
material  and  that  the  criteria  will  apply  to  the  material  under  study;  a 
plastic  clayey,  gravel  mixture.  It  should,  therefore,  be  possible  to  use 
these  criteria  in  a  qualitative  way  to  evaluate  the  influence  of  cyclic 
freezing  and  thawing  on  Crawford  pit  gravel  treated  with  various  quantities 
of  Portland  cement  and  lime  fly  ash  admixtures.  These  points  are  brought  out 
in  order  to  clarify  the  reasoning  or  philosophy  behind  this  investigation  and 
bring  the  conclusions  that  may  now  be  drawn  into  their  proper  context. 
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CHAPTER  VIII 


CONCLUSIONS 


1.  In  all  cases,  with  the  exception  of  the  3  percent  lime-fly  ash 
concentration,  the  effect  of  cyclic  freezing  and  thawing  was  to  lower, 
numerically,  both  the  liquid  limit  and  the  plasticity  index  with  reference 
to  the  corresponding  control  samples  cured  at  constant  temperature.  Using 
these  values  as  criteria,  then  it  can  be  concluded  that  cyclic  freezing  and 
thawing  has  a  beneficial  modifying  influence  on  Crawford  pit  material 
treated  with  lime-fly  ash  or  Portland  cement. 

2.  On  the  basis  of  the  assumptions  stated  in  Chapter  I  it  can  be 
concluded  that  the  improvements  in  shearing  strengths  observed  by  Clark 
and  Millions  or  at  least  the  part  thereof  attributable  to  the  modification 
of  Atterberg  Limits  will  not  be  destroyed  by  cyclic  freezing  and  thawing. 

A  word  of  caution  is  necessary  here.  A  distinction  must  be  made 
between  cyclic  freezing  and  thawing  and  frost  action.  The  chemical 
modifications  of  the  material  are  not  destroyed  by  freezing,  in  fact  they 
are  enhanced.  This  does  not  mean  that  the  material  is  not  susceptible  to 
"frost  action"  or  ice  segregation.  The  susceptibi li ty  of  the  material  to 
ice  segregation  was  not  investigated. 
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3.  The  optimum  cement  content  from  the  point  of  obtaining 
maximum  permanent  modification  of  the  material  under  investigation  is 
approximately  7  percent  by  dry  weight  of  the  minus  No.  40  fraction. 

4.  The  optimum  lime  and  fly  ash  content  is  not  well  defined  but 
quantities  in  excess  of  5  percent  will  be  required  for  permanent  beneficial 
modification  of  the  material.  The  optimum  content  is  probably  about 


10.5  percent . 
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PART  B 


A  STUDY  OF  THE  PERMEABILITY  OF 
PLASTIC  CLAYEY  GRAVELS  AND  THE 
INFLUENCE  OF  ADDITIVES  THEREON 


CHAPTER  IX 


CLASSIFICATION  AND  ANALYSIS  OF  MATERIAL  INVESTIGATED 

Two  materials  were  used  in  this  part  of  the  investigation: 

(a)  Minus  three  inch  material  from  Crawford  Pit. 

(b)  Minus  three  inch  material  from  Winger  Pit. 

The  Crawford  Pit  material  was  classified  in  part  "A"  of  this 
investigation.  Detailed  analysis  of  the  various  dry  sieved  fractions  used  in 
the  permeability  tests  are  shown  in  appendix  C. 

The  laboratory  prepared  gradation  used  in  the  permeability  tests 
is  shown  in  Table  IV  as  gradation  "B".  Gradation  "A"  was  used  by  Clark  (1) 
and  gradation  "C"  was  used  by  Millions  (2)  in  their  triaxial  tests.  The 
gradation  used  in  this  part  of  the  investigation  represents  the  best 
obtainable  compromise  between; 

(a)  the  grading  used  by  Clark 

(b)  that  used  by  Millions 

(c)  the  gradings  obtainable  from  the  dry  sieved  fractions  shown 

in  appendix  C . 

The  Atterberg  Limits  of  the  minus  No.  40  sieve  fraction  used  in 
the  three  investigations  were  as  reported  in  part  "A". 
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Mechanical  Analysis  of  Crawford  Pit  Material 
Percent  Passing  (Dry  Weight) 


ieve  Size 

Grading  A 

Grading  B 

Grading  C 

3" 

i 

100 

100 

100 

1  In 
*  2 

90 

91 

93 

3/4" 

73 

73 

75 

00 

— 

54 

— 

No. 4 

40 

40 

43 

No.  10 

25 

30 

29 

No.  40 

14 

19.6 

17 

No.  200 

8.9 

10.0 

11.2 

Winger  Pit  (SW - 14-30- 1 -W5)  is  located  approximately  two  miles 
west  of  Carstairs,  Alberta.  Visual  examination  of  the  material  supported  by 
sieve  analysis  and  Atterberg  Limit  tests  placed  the  material  in  the  "GF"  soil 
group  of  the  Corp  of  Engineers  Airfield  Classification  System  (3). 

The  AASHO  classification  (4)  was  A-2-4  (0). 

The  laboratory  prepared  grading  of  the  Winger  pit  material  used  in 
this  investigation  is  shown  as  Grading  "A"  in  Table  V.  Grading  "B"  is  the 
average  result  of  twenty  sieve  analysis  carried  out  on  samples  taken  throughout 
the  pit  by  the  Alberta  Department  of  Highways  and  reported  by  Millions. 
Grading  "C"  is  the  actual  grading  used  by  Millions  in  his  triaxial  tests  on  the 


native  material . 
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TABLE  V 


Mechanical  Analysis 

of  Winger  Pi t  Mat 

erial 

Percent  Passing 

(Dry  Weight) 

ieve  Size 

Grading  A 

Grading  B 

Grading  C 

3" 

100 

100 

100 

1 1 " 

1  2 

75 

75 

73 

3/4" 

56 

56 

56 

3/8" 

44 

— 

— 

No. 4 

36 

36 

36 

No.  10 

31.5 

31.5 

33 

No.  40 

26.2 

26.2 

26 

No.  200 

14.3 

14.4 

15.0 

Table  VI  shows  Atterberg  Limit  values  for  the  minus  No.  40  sieve 
fraction  of  the  material  from  Winger  pit.  Under  "A"  are  shown  the  Limits  of 
the  material  used  in  this  investigation.  Under  "B"  are  the  Limits  established 
as  average  for  the  pit  by  the  Department  of  Highways,  Province  of  Alberta  and 
reported  by  Millions  (2),  and  under  "C"  are  the  Limits  of  the  material  used  by 
Millions  in  his  investigation. 

TABLE  VI 


Atterberg  Limits  -  (Minus  No. 40  Sieve  Fraction)  Winger  Pit 


A 

B 

C 

Liquid  Limi  t 

21, 7 

23.7 

21.2 

Plastic  Limi t 

15.5 

15.5 

12.5 

Plastici ty  Index 

6.2 

8.2 

8.7 

( »  ) 
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reasons 


The  Atterberg  Limit  values  shown  in  Table  VI  vary  for  the  same 
that  were  stated  in  Part  "A"  in  respect  to  the  Crawford  pit  material. 


CHAPTER  X 


DEVELOPMENT  OF  THE  APPARATUS 

The  apparatus  used  in  this  investigation  had  to  be  developed 
specifically  for  the  job  at  hand.  Before  the  apparatus  was  designed  some 
preliminary  permeability  tests  were  carried  out  in  order  to  establish  the  order 
of  magnitude  of  the  permeabilities,  the  quantities  of  water  and  rates  of  flow 
that  were  going  to  be  involved. 

The  first  of  these  tests  was  carried  out  on  the  minus  No. 40  sieve 
fraction  of  some  Crawford  pit  material  using  a  specimen  one  inch  in  diameter 
and  two  inches  long  in  a  falling  head  set  up.  This  test  indicated  that  the 
minus  No.  40  sieve  fraction,  at  least  when  compacted  to  a  moderately  high 
density  was  practically  impervious.  With  the  maximum  available  head  of 
48  inches  a  measurable  flow  through  the  specimen  could  not  be  established. 

The  next  test  was  carried  out  on  the  minus  No„  4  sieve  fraction  of 
the  same  material  using  a  specimen  3^  inches  in  diameter  and  6  inches  long 
compacted  by  approximately  one  half  standard  Proctor  effort.  This  produced 
a  densi ty  of  1 17. 1  ibs/ft^.  Ini tial  readings  indicated  that  the  permeabili ty 
of  the  minus  No.  4  sieve  material  at  the  stated  density  was  approximately 
ICT^cm/  sec . 


i  .  V!  .  8  '  *(  t 

.  .  ■;  . ...  iv  ;i  i  4  ■■  ■ "  i  ■ 

.  .. 

s  i  a'  ;  i  .  ....  i 

.  -i  i 1  ■ '  i  ■ .  j  •//  r.A  .  ■.  .  - 

,  ;..  i-'.  :*'•  i..  ■  i .  ;!lo  ,7  vt‘  ifife  > 

, 


'  . - 

...  .  .  •  .  *'  •  ■'  •  • 


'  :  "I"  ....  .  .  ■.  . 

‘  v :  .  .  .  .  :  v  .  v 


•  .  .  .  t  ■  1  ■ 


The  next  in  this  series  of  preliminary  tests  was  carried  out  on  the 
minus  3  inch  Crawford  pit  material  that  was  to  be  used  in  the  investigation. 
The  main  objectives  of  this  test  were: 

(a)  To  get  some  idea  of  the  influence  that  the  3  inch  aggregate 
was  going  to  have  on  the  permeability  and  the  test  in  general. 

(b)  To  determine  the  most  practical  specimen  length  since  this 
would  control  the  design  dimensions  of  the  permeameter. 

(c)  To  determine  if  a  12  inch  diameter  mold  was  large  enough 

to  permit  uniform  placing  of  the  pit  graded  minus  3  inch  material 
without  excessive  aggregate  interference.  Work  done  by  others  (16) 
indicated  that  a  19  inch  diameter  specimen  was  desirable  for 
material  containing  3  inch  aggregate. 

The  permeameter  for  this  test  was  a  mock  up  apparatus  utilizing 
a  12  inch  diameter  triaxal  test  split  mold  and  base  plate.  The  mold  was  lined 
with  a  rubber  membrane  to  prevent  leakage  and  the  sample  was  placed  and 
compacted  as  for  a  triaxial  test  except  that  the  lengthof  the  specimen  was 
only  9  inches. 

City  water  as  obtained  from  the  tap  was  used  as  the  permeant. 

The  inlet  head  was  provided  by  maintaining  a  free  water  surface  at  the  top  of 
the  mold.  The  results  of  tests  with  this  apparatus  indicated: 
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(a)  When  the  sample  was  compacted  to  approximately  the 
same  density  as  was  used  in  the  test  on  the  minus  No.  40  sieve 
fraction  the  presence  of  the  minus  3  inch  plus  No.  4  sieve 
aggregate  had  the  effect  of  increasing  the  permeability 
considerably  to  a  value  of  about  10“^  cm/sec. 

(b)  A  specimen  length  of  9  inches  would  be  satisfactory  for 
further  testing  and  would  provide  differential  heads  large 
enough  to  be  easily  measureable  at  rates  of  flow  that  did  not 
appear  to  cause  any  channelling  and  were  also  within  the 
range  of  easy  measurement. 

(c)  A  satisfactory  specimen  could  be  obtained  in  the  12  inch 
mold  provided  the  larger  aggregate  particles  were  placed  by  hand. 

In  summary  these  preliminary  tests  showed  that  the  permeability 
apparatus  to  be  designed  would  have  to  have  the  following  characteristics 
and  capabilities: 

(a)  It  would  have  to  be  capable  of  measuring  permeabilities  as 
low  as  10”^  cm/sec.  It  was  reasoned  that  10“  ^  cm/sec  would  be 
the  probable  upper  limit. 

(b)  Large  quanti  ties  i  .e.  30  or  40  gal  Ions  of  de-aired  disti  I  led 
water  would  be  required  for  each  test. 
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(c)  The  apparatus  would  have  to  maintain  and  measure  differential 
pressures  over  the  range  0.1  to  20  feet  of  water  in  order  to  keep 
the  rate  of  flow  within  acceptable  and  measurable  limits. 

(d)  The  minimum  practical  specimen  or  "mold"  diameter  would 
be  12  inches.  A  larger  diameter  would  be  preferable  from  the 
point  of  aggregate  interference  although  it  would  be  more 
difficult  to  obtain  uniform  compaction  and  density  control. 

(e)  A  requirement  indicated  by  these  tests,  although  not  fully 
appreciated  at  the  time,  was  that  of  being  able  to  measure 
sample  deflection  or  consolidation  caused  by  the  seepage  forces. 

The  above  requirements  dictated  that  the  permeameter  would  have 
to  be  a  closed  or  pressure  type  unit.  It  was  also  reasoned  that  a  closed  unit 
would  facilitate  de-airing  the  specimen  and  obtaining  a  high  degree  of 


saturation . 
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CHAPTER  XI 


DESCRIPTION  OF  THE  APPARATUS 

The  apparatus  finally  evolved  is  shown  schematically  in  Figure  I. 

It  consisted  of  the  following  major  components. 

(a)  An  open  copper  boiler  mounted  over  a  suitable  gas  burner 
for  the  purposes  of  boiling  the  feed  water  or  permeant  to  remove 
dissolved  gasses. 

(b)  A  heat  exchanger  unit  consisting  of  a  wall  type  steam 
radiator  submerged  in  a  large  tank  of  cooling  water.  The  purpose 
of  the  heat  exchanger  being  to  cool  the  permeant  to  just  above 
room  temperature  before  it  entered  the  apparatus. 

(c)  A  40  gallon  pneumatic  header  tank  equipped  with  a  side 
arm  type  water  glass.  Approximately  one  inch  of  kerosene  was 
maintained  on  top  of  the  water  surface  at  all  times  to  separate 
the  air  and  water.  The  top  of  the  tank  could  be  connected 

to  a  vacuum  source  for  filling  or  a  source  of  air  pressure  when 
a  forced  feed  was  necessary.  The  tank  was  equipped  with  a 
pressure  gauge  and  was  connected  to  feed  the  permeameter  directly 
or  the  constant  head  tank  as  desired. 
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(d)  A  diaphragm  type  pressure  reducing  valve  adjustable  over 
the  range  2  to  20  psi .  The  valve  was  connected  to  the  shop  air 
line  and  supplied  air  at  reduced  pressure  to  the  top  of  the 
header  tank. 

(e)  An  atmospheric  constant  head  tank  mounted  on  a  suitable 
stand  approximately  5  feet  above  the  permeameter  bench.  The 
water  level  in  the  tank  was  maintained  by  a  float  operated 

feed  valve.  Kerosene  on  top  of  the  free  water  surface  prevented 
contact  between  the  de-aired  permeant  and  the  atmosphere. 

(f)  The  permeameter;  which  shall  be  discussed  in  more  detail 
under  a  separate  heading. 

(g)  A  20  inch  differential  mercury  manometer.  This  was  used 
to  measure  the  higher  range  of  differential  pressures  across  the 
specimen . 

(h)  A  piezometric  manometer  for  the  accurate  measurement  of 
small  differential  pressures.  This  manometer  was  equipped  with 
a  valved  cross  connection  which  greatly  facilitated  flushing  and 
de-airing  the  piezometer  tubes  and  connections.  It  was  also  used 
to  prove  the  absence  of  air  in  the  pressure  sensing  system  and  to 
obtain  a  quick  "zero  reading"  on  the  mercury  manometer. 
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(i)  A  small,  one  pint  capacity,  tail  water  header  tank  equipped 
with  a  thermometer  and  overflow  orifice.  The  elevation  of  this 
tank  could  be  adjusted  as  desired  to  control  the  differential 
head  across  the  sample  when  the  apparatus  was  operating  under 
gravity  feed.  It  was  always  kept  above  the  elevation  of  the 
permeameter  so  that  the  absolute  pressure  in  the  permeameter 
was  never  less  than  one  atmosphere. 

THE  PERMEAMETER 

The  permeameter  was  designed  as  far  as  possible  to  make  maximum 
utilization  of  available  or  readily  obtainable  materials. 

The  base  plate  of  the  12  inch  triaxial  test  apparatus  reported  by 
Clark  (1)  and  Millions  (2)  was  utilized  as  the  base  plate  for  the  permeameter. 

It  was  modified  to  the  extent  of  enlarging  the  porous  bronze  plate  to  11^  inches 
in  diameter  and  providing  an  additional  static  pressure  sensing  port. 

The  barrel  of  the  permeameter  was  machined  from  standard  12  inch 
(nominal)  by  3/16  inch  welded  steel  pipe.  Suitable  lugs  for  clamping  the  top 
and  bottom  were  welded  on  externally. 

The  top  was  machined  from  1/4  inch  structural  steel  plate.  It  was 
drilled  and  tapped  at  the  center  to  receive  a  standard  \  inch  pipe  nipple. 

This  formed  the  main  inlet  port  through  which  also  passed  the  dial  gauge  stem. 
One  additional  static  pressure  sensing  port  was  provided  near  the  periphery  of  the 
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It  is  perhaps  worth  mentioning  that  a  very  successful  frictionless 
seal  for  the  dial  stem  was  constructed  from  a  standard  1/4  inch  Swedge-lock 
fitting.  The  bore  of  the  fitting  was  drilled  out  to  receive  the  1/4  inch  steel 
stem.  The  tapered  cone  or  wedge  was  put  in  backwards  and  the  metal  furl 
replaced  with  a  1/4  inch  neoprene  seal  ring.  The  whole  assembly  was  packed 
with  light  grease  and  the  cap  tightened  just  sufficiently  to  bring  the  seal 
ring  into  contact  with  the  stem. 

The  seal  was  sufficiently  frictionless  to  operate  freely  under  the 
influence  of  the  dial  gauge  main  spring  and  the  weight  of  the  stem.  It  did  not 
leak  during  any  of  the  testing  and  withstood  pressures  up  to  35  psi .  A  two 
hundred  gram  weight  was  balanced  on  the  stem  to  ensure  a  firm  seating  on  the 
specimen  and  to  overcome  the  ram  effect  of  the  internal  pressure. 

The  joints  between  the  barrel  and  the  top  and  bottom  plates  were 
sealed  with  1/4"  fabric  reinforced  rubber  gasket  material.  The  barrel  was 
clamped  to  the  base  plate  with  four  5/16  inch  threaded  hook  bolts.  The  bolts 
were  threaded  down  well  past  the  lugs  so  that  they  could  also  be  used  to  break 
the  wax  seal  by  pushing  the  barrel  away  from  the  base  plate. 

Hydraulic  tests  on  the  permeameter  alone  with  no  specimen  in  place 
showed  that  at  maximum  rate  of  flow  the  head  loss  across  the  porous  bronze  plate 
was  too  small  to  be  measurable  and  could,  therefore,  be  neglected.  The 
relatively  high  friction  losses  at  high  rates  of  flow  through  the  feed  lines  and 
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outlet  porting  in  the  base  plate  proved  to  be  a  very  desirable  characteristic. 
It  automatically  compensated  for  changes  in  permeability  and  limited  the 
rate  of  flow  through  the  highly  pervious  samples.  Since  the  head  loss  across 
the  sample  was  measured  directly  from  the  up  stream  and  down  stream  faces 
where  velocity  heads  could  be  considered  zero  the  friction  loss  in  the 
apparatus  did  not  enter  into  the  measurements  or  computations  in  any  way. 

Figure  I  illustrates  the  general  layout  of  the  apparatus  and  the 
manner  in  which  the  various  components  were  connected.  Figures  II  to  V 
inclusive  are  photographs  showing  the  apparatus  in  operation.  Figure  VI  is 
a  close-up  of  a  sample  of  the  Crawford  pit  material  and  shows  the  wax  seal 
used  to  seal  the  sample  in  the  barrel  of  the  permeameter. 
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Float  Operated  Valve 
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GENERAL  VIEW  OF  THE  APPARATUS 


Figure  II 
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CLOSE-UP  OF  THE  PERMEAMETER  ON  PRESSURE  FEED 


Figure  III 
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GENERAL  VIEW  OF  THE  PERMEAMETER  ON  GRAVITY  FEED 
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GENERAL  VIEW  OF  THE  STATIC  SAMPLE  COMPACTION  PROCESS 
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CLOSE-UP  OF  A  SAMPLE  AFTER  REMOVAL  FROM  THE  PERMEAMETER 


CHAPTER  XII 


PERMEABILITY  TESTING  PROCEDURE 

The  preparation  of  the  pit  material  into  air  dried,  sized  fractions 
was  described  in  part  "A".  Both  the  Winger  and  Crawford  pit  materials 
were  prepared  in  the  same  way. 

A  wet  sieve  analysis  was  carried  out  on  each  of  the  minus  No. 4 
fractions  to  determine  the  true  gradation  of  the  fraction  and  the  percentage 
of  material  that  would  "carry  over"  or  be  retained  on  successively  finer 
sieves,  down  to  the  No.  200.  The  hydroscopic  moisture  content  of  each 
fraction  was  also  determined.  From  these  data  calculations  were  made 
to  determine  the  actual  air  dry  batch  weight  of  each  fraction  required  to 
produce  as  nearly  as  possible  the  gradations  used  by  Clark  and  Millions  in 
their  investigations. 

To  prepare  a  sample  for  a  permeability  test  the  computed  air  dry 
batch  weights  of  each  fraction  were  weighed  out  on  a  laboratory  solution 
balance.  It  was  rarely  possible  to  obtain  exactly  the  computed  weight  of 
the  minus  3  inch  plus  inch  fraction  due  to  the  relatively  large  weight 
of  the  individual  particles;  however,  by  judicious  juggling  it  was  possible 
to  approach  the  weight  very  closely  and  maintain  an  approximately  uniform 


gradation.  After  batching  the  total  air  dry  weight  of  the  sample  was 
determined  and  this  weighing  formed  the  basis  of  all  subsequent  density 
computations.  For  this  reason  every  precaution  was  taken  to  avoid 
subsequent  loss  of  material . 

The  dry  material  was  placed  in  a  small  plaster  boat,  mixed  thoroughly 
and  then  spread  out  in  a  uniform  layer.  Approximately  one  half  of  the 
computed  quantity  of  distilled  water  was  then  spread  over  the  material 
and  mixed  in  by  hand.  The  process  was  then  repeated  adding  the  remainder 
of  the  measured  quantity  of  water  and  re-mixing.  Each  sample  was  mixed 
by  hand  for  at  least  five  minutes  to  break  up  any  clay  balls  and  ensure 
uniform  dispersion  of  moisture.  The  sample  was  then  cured  under  wet  sacking 
for  a  minimum  period  of  12  hours  prior  to  compaction.  The  approximate 
moisture  content  at  which  each  specimen  was  initially  compacted  is  shown  in 
the  summary  test  results.  Table  VII . 

Hand  mixing  was  adopted  as  it  was  found  that  mixing  in  a  cement 
mixer  tended  to  roll  the  material  into  a  system  of  clay  balls  and  particles 
of  aggregate  coated  with  clay  would  become  almost  perfectly  spherical. 

This  structure  did  not  disappear  readily  upon  compaction. 

The  permeameter  specimens  were  compacted  initially  in  the  12  inch 
diameter  triaxial  test  split  mold  used  by  Clark  and  Millions.  The  material 
was  spread  out  in  a  uniform  layer  in  the  plaster  boat  and  divided  into 
three  approximately  equal  parts.  Each  part  formed  one  complete  lift  in 
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the  mold.  To  ensure  uniformity  and  to  avoid  segregation  or  aggregate 
interference  all  specimens  were  placed  in  this  manner  regardless  of  the 
method  of  compaction  to  be  subsequently  used.  As  previously  mentioned, 
it  was  necessary  to  orient  the  larger  aggregate  sizes  in  each  lift  by  hand. 

The  only  exceptions  to  this  procedure  were  samples  No.  1  and  No.  2  which 
were  compacted  in  two  rather  than  three  lifts. 

Two  methods  of  compaction  were  used,  dynamic  and  static.  All 
samples  up  to  and  including  the  initial  compaction  of  sample  No.  6  were 
compacted  dynamically.  All  subsequent  compaction  was  carried  out  by 
static  loading  in  a  Tinius  Olsen  loading  machine. 

The  samples  were  compacted  dynamically  with  a  modified  Marshall 
hammer  developed  by  Clark.  The  hammer  had  a  3  7/8  inch  diameter  face 
and  the  impact  was  provided  by  a  10  pound  weight  falling  30  inches.  The 
first  lift  received  44  blows,  the  second  48,  and  the  third  52  blows  evenly 
distributed  about  the  surface.  An  exception  was  sample  number  5  where  the 
number  of  blows  per  layer  was  doubled. 

In  the  instances  where  specimens  were  recompacted  dynamically 
after  permeability  tests  had  been  run  they  were  compacted  in  the  permeamet 
barrel  and  the  additional  compactive  effort  was  applied  to  the  top  surface 
of  th  e  material . 

As  experience  was  gained  it  became  apparent  that  the  required 
precision  of  density  control  could  not  be  achieved  with  dynamic  compaction. 
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The  density  could  be  measured  quite  accurately  but  it  could  not  be  pre¬ 
determined  with  the  required  precision.  To  overcome  this  difficulty  static 
compaction  was  resorted  to  and  proved  to  be  quite  satisfactory. 

Since  the  dry  weight  of  the  material  in  the  mold  was  known  it 
was  a  simple  matter  to  compute  the  required  length  or  height  of  specimen 
in  the  mold  corresponding  to  any  desired  density.  Static  load  as  required 
was  applied  to  compact  the  specimen  to  this  prede  termined  height. 

Static  compaction  also  made  it  possible  to  effectively  recompact 
or  consolidate  in  the  saturated  state  in  the  permeameter.  An  attempt  was 
made  without  much  success  to  dynamically  recompact  samples  No.l  and 
No. 2  in  this  state.  Whi le  a  small  increase  in  densi  ty  was  obtained  the 
main  effect  was  simply  to  churn  up  the  upper  layer  of  material. 

Sample  No. 6  was  the  first  sample  to  be  recompacted  in  this 
manner  and  it  was  done  rather  on  a  trial  and  error  basis  to  see  how  the 
procedure  would  work  out.  The  data  obtained  from  this  sample  served  as  a 
guide  in  controlling  the  rate  of  load  application  in  subsequent  operations. 
The  rate  of  loading  was  controlled  by  the  rate  of  discharge  from  the  sample 
such  that  the  hydraulic  gradients  generated  in  the  sample  by  the  load 
application  would  not  exceed  the  gradients  to  be  used  in  the  next  succeed¬ 
ing  permeabili ty  determination. 

After  initial  compaction  in  the  split  mold,  either  dynamically 
or  statically,  the  mold  was  removed  and  the  barrel  of  the  permeameter  was 
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lowered  carefully  over  the  specimen  and  clamped  to  the  base  plate.  The 
inside  diameter  of  the  permeameter  was  slightly  larger  than  the  diameter 
of  the  mold.  The  annular  space  between  the  sample  and  the  barrel  was 
sealed  with  Mikrovan  No.  1300  sealing  wax.  Mikrovan  No.  1300  is  a 
special  wax  developed  by  Imperial  Oil  Ltd.  for  the  food  processing  industry. 

It  remains  soft  and  pliable  at  room  temperature,  has  excellent  bonding 
characteristics  and  is  highly  impermeable  to  water. 

With  the  exception  of  sample  number  3  the  samples  were  saturated 
in  the  open  permeameter  from  the  bottom  up  with  de-aired  distilled  water. 

A  positive  head  of  between  3  and  6  inches  was  used  for  this  operation. 

Sample  number  3  was  saturated  from  the  bottom  under  a  vacuum 
of  0.80  Kg/cm^.  Considerable  difficulty  was  encountered  in  performing 
this  operation  and  after  the  experience  with  this  sample  the  procedure  was 
abandoned . 

After  the  samples  had  been  saturated  and  a  free  water  surface 
established  above  the  material  a  4  inch  diameter  coarse  porous  stone  was 
placed  and  firmly  seated  on  the  specimen  directly  under  the  inlet  port. 

This  stone  served  two  purposes,  to  prevent  scouring  of  the  sample  by  the 
incoming  water  and  to  act  as  a  bearing  for  the  dial  gauge  stem.  The  perme¬ 
ameter  top  was  then  placed  into  position  and  clamped  very  lightly.  De-aired 
water  was  then  admitted  through  the  inlet  port  to  flush  all  air  out  of  the 
permeameter.  This  flushing  operation  was  assisted  by  tipping  the  permeameter 
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gently  from  side  to  side.  This  flow  was  maintained  for  several  minutes 
to  thoroughly  flush  out  any  water  that  had  picked  up  air  prior  to  the 
removal  of  all  free  air  from  the  permeameter.  At  this  point  the  top  bolts 
were  drawn  down  and  the  inlet  pressure  sensing  lines  flushed  to  remove  all  air. 

The  outlet  pressure  sensing  lines  were  flushed  by  establishing  a 
flow  through  the  sample.  In  cases  where  the  permeabi li ty  was  too  low  to 
accomplish  this,  the  flushing  was  done  by  means  of  an  auxilliary  feed  line 
from  the  header  tank  to  the  discharge  orifice  in  the  base  plate. 

After  these  operations  had  been  completed  the  specimen  was 
allowed  to  stand  under  full  static  inlet  head  for  a  few  minutes  while  the 
initial  dial  gauge  reading  was  recorded  and  the  manometer  zero  readings 
were  checked  to  prove  the  absence  of  air  in  the  pressure  sensing  system. 

With  all  in  readiness  flow  was  established  through  the  specimen  by  slowly 
opening  the  discharge  valve  and  when  the  manometers  were  steady 
permeability  measurements  were  commenced. 

The  rate  of  flow  was  determined  by  measuring  with  a  stop  watch 
the  elapsed  time  required  to  collect  a  given  volume  of  effluent.  While 
the  effluent  was  being  collected  observations  were  made  on  the  differential 
head,  inlet  and  outlet  temperatures  and  dial  gauge  readings.  From  these 
data  and  the  known  dimensions  of  the  specimen  the  permeability  could  be 
computed. 
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CHAPTER  XIII 


INITIAL  OBSERVATIONS 

The  original  purpose  of  this  part  of  the  investigation  was  simply 
to  measure  the  permeabili ty  of  the  native  material  compacted  by  a 
standard  laboratory  procedure  and  then  to  see  what  influence  various 
percentages  of  Portland  cement  and  lime-fly  ash  admixture  would  have 

tf- 

thereon.  The  programme  had  not  proceeded  very  far  before  it  became 
apparent  that  some  major  unaccounted  variables  were  involved  and  a 
presentation  of  specific  results  without  first  discussing  the  manner  in  which 
they  were  developed  would  be  quite  misleading.  An  attempt  will  therefore 
be  made  to  outline  chronologically  the  manner  in  which  the  investigation 
was  conducted,  the  major  difficulties  encountered  and  the  action  taken  to 
overcome  them.  A  summary  of  results  will  be  presented  at  the  conclusion 
of  this  discussion . 

Since  no  standard  procedure  exists  for  tests  of  this  nature  it  was 
necessary  to  develop  both  an  apparatus  and  a  suitable  laboratory  technique 
or  test  procedure.  The  apparatus  had  been  fairly  well  perfected  at  the 
conclusion  of  test  number  3  on  the  Crawford  pit  material  but  a  standard 
procedure  in  all  its  minor  aspects  had  not  been  evolved  until  the  completion 
of  test  number  6.  Therefore,  throughout  these  early  tests  both  the  procedure 


. 


and  the  apparatus  were  varied  and  modified  as  necessary  in  an  attempt  to 
overcome  the  various  unforseen  problems  as  theyarose.  Such  a  process  led 
inevitably  to  some  large  experimental  errors  and  scattering  of  results. 

Making  due  allowance  for  this  and  disregarding  results  known  to  be  in  error 
certain  trends  seemed  to  appear  and  attempts  were  made  either  to  control 
or  evaluate  the  variables  thought  to  be  responsible. 

At  the  conclusion  of  test  number  2  the  following  trends  could 
be  detected: 

(a)  Small  increases  in  density,  admittedly  in  conjunction  with 
much  sample  disturbance,  caused  a  very  marked  drop  in  permeability. 

(b)  At  the  given  initial  density  there  appeared  to  be  an  increase 
in  permeabi  li  ty  during  the  first  few  minutes  of  flow  and  thereafter 
a  persistant  drift  toward  lower  and  lower  values. 

It  was  suspected  that  this  drift  in  the  coefficient  of  permeability 
was  being  caused  by  air  in  the  soil  voids  but,  due  to  the  setup  of  the 
apparatus  the  inlet  head  and  the  head  loss  across  the  sample  were  also 
changing  while  the  test  was  in  progress  and  this  could  have  been  the  cause. 
Test  number  3  was,  therefore,  set  up  to  determine  the  cause  of  this  apparent 
drift  in  permeability. 

Prior  to  setting  up  test  number  3  the  apparatus  was  modified  to 
include  constant  head  feed  and  constant  head  discharge  devices.  In  setting 
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up  the  test  every  precaution  was  taken  to  eliminate  all  possible  sources 
of  air  in  the  apparatus  and  the  sample  was  saturated  under  maximum  obtainable 
vacuum  in  order  to  achieve  a  high  initial  degree  of  saturation. 

Test  number  3  showed  this  same  reduction  of  permeability  with  time 
of  flow  or  permeation  and  this  quite  conclusively  eliminated  air  or  variations 
in  head  as  the  cause.  It  was  then  reasoned  that  consolidation  of  the  specimen 
under  hydraulic  gradient  was  the  cause.  The  following  observations  lent 
emphasis  to  this  theory: 

(a)  The  material  tended  to  regain  some  of  its  permeability 
during  periods  of  rest. 

(b)  A  plot  or  graph  of  permeability  versus  log  of  time  of  flow 
showed  an  almost  perfectly  characteristic  consolidation  time 
curve.  This  is  shown  in  Plate  XII. 

The  permeameter  was,  therefore,  equipped  with  a  dial  gauge  mounted 
in  such  a  way  as  to  permit  observation  of  sample  deflection  or  settlement 
under  hydraulic  stress.  A  test  was  set  up  and  a  flow  maintained  at  constant 
head  and  approximately  constant  temperature  continuously  for  41  hours  while 
periodic  readings  were  taken  on  the  permeability  and  the  settlement  of  the 
specimen.  The  data  thus  obtained  was  plotted  against  log  time  of  flow. 

This  plot  is  shown  on  Plate  XIII.  Again  the  characteristic  "S"  shaped 
permeability  versus  log  time  curve  was  obtained  and  there  appeared  to  be 
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a  definite  correlation  between  sample  deflection  and  permeability.  It 
should  be  noted  that  these  results  were  obtained  on  a  specimen  that  had 
been  subjected  to  permeability  tests  off  and  on  for  the  preceding  eight  days 
and  de-aired  distilled  water  had  been  forced  through  it  under  various  heads 
for  an  aggregate  total  of  54  hours  prior  to  this  run.  The  drop  in  permeability 
with  time  was  not  as  pronounced  as  in  the  initial  testing  but  it  was  still 
clearly  in  evidence. 

Taken  at  face  value  evidence  of  this  nature  would  certainly  indicate 
a  correlation  between  permeability  and  settlement.  However,  it  seemed 
inconceivable  that  a  change  in  void  ratio  of  0.37  percent  could  account  for 
such  a  large  change  in  permeability.  It  was  reasoned  that  if  in  fact  the 
permeabili ty  was  sensitive  to  minute  changes  in  void  ratio  then  the  same 
correlation  should  exist  independent  of  the  time  rate  of  change  of  void  ratio. 
In  other  words,  if  the  void  ratio  were  forced  to  change  over  the  same  range 
in  a  very  short  period  of  time  by  altering  the  hydraulic  gradient  then  the 
same  changes  in  permeability  should  occur.  The  weakness  in  this  argument 
was  the  assumption  that  permeability  would  be  independent  of  hydraulic 
gradient.  The  weakness  notwithstanding,  it  was  decided  to  try  this  and  see 
what  would  happen.  Another  test  was,  therefore,  run  on  sample  number  3  in 
which  the  hydraulic  gradient  was  varied  over  a  wide  range  in  a  short  period 
of  time  and  observations  were  made  on  dial  reading  and  permeability. 
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The  results  of  this  test  are  shown  graphically  on  Plate  XIV  together 
with  the  data  from  the  constant  head  test.  The  following  conclusions  can 
be  drawn  from  this  plots 

(a)  The  decrease  in  permeability  was  a  function  of  time  of  permeation. 

(b)  The  small  decreases  in  void  ratio  that  were  observed  under 
constant  head  occurred  co-incident  with  but  were  not  the  cause 
of  the  changes  in  permeability. 

(c)  For  the  given  density  and  test  conditions  the  permeability  did 
not  vary  widely  with  changes  in  hydraulic  gradient  but  there  was 
a  detectable  tendency  for  the  permeability  to  decrease  with 
increasing  head  loss.  This  may  have  been  due  to  any  one  or  a 
combination  of  the  following: 

(i)  A  progressive  transition  to  a  turbulent  flow  condition 
in  some  of  the  larger  voids. 

(ii)  The  change  in  void  ratio.  Although  this  change  in 

void  ratio  was  still  very  small  (0.5  percent)  so  was  the  change 
in  permeabi li ty. 

(iii)  The  inevitable  time  or  permeation  effect. 

Had  the  gradient  been  progressively  reduced  back  to  its  starting 
value,  and  observations  made  during  the  process,  the  effect  of  permeation  may 
have  been  apparent.  However,  this  was  not  foreseen  until  after  the  test  had 
been  completed. 
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During  test  number  3  PH  readings  were  taken  periodical ly  on  the 
effluent  to  see  if  there  was  any  measurable  change  in  PH  co-incident  with 
the  change  in  permeability.  It  was  later  determined  that  the  meter  being 
used  was  out  of  order  and,  therefore,  the  data  obtained  were  useless. 

At  the  conclusion  of  test  number  3  a  moisture  content  determination 
was  made  on  some  of  the  discarded  material  and  the  degree  of  saturation  was 
computed  to  be  94  percent.  It  was  however  exceedingly  difficul t  to  obtain 
an  accurate  final  moisture  content  due  to  the  large  aggregate  and  also  the 
rapid  migration  of  moisture  as  the  material  was  removed  from  the  permeameter 
barrel.  The  computed  degree  of  saturation  may  not  therefore  be  highly 
accurate. 

Thus  far  in  the  programme  little  had  been  accomplished.  The 
permeability  of  the  native  Crawford  pit  material  was  now  known  to  be  an 
exceedingly  evasive  quantity  that  varied  over  a  wide  range  and  seemed  to 
depend  on  many  variables  not  all  of  which  were  understood. 

Lambe  (17)  in  his  work  on  fine  grained  soils  reported  a  similar 
phenomena,  that  is  a  decrease  in  permeabi li ty  wi th  permeation.  The  following 
paragraph  taken  directly  from  his  paper  is  his  explanation  of  the  phenomena: 

"The  reduction  in  permeability  that  occurs  with  permeation  is 
caused  by  a  change  in  structure.  As  flow  through  the  soil  occurs,  particles 
tend  to  move  to  positions  of  higher  stability  to  seepage  forces.  This  particle 
shifting  always  results  in  a  lower  permeability  if  the  particles  are  not  washed 
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out  of  the  soli.  While  this  particle  shifting  can  result  In  either  an  increase 
or  decrease  in  density  or  saturation  degree,  it  usually  causes  a  densification 
and  higher  degree  of  saturation.  The  permeability  reduction  has  to  be  explained, 
therefore  by  changes  in  structure  rather  than  incidental  changes  in  density 
or  degree  of  saturation." 

This  explanation  was  not  entirely  accepted  at  the  time  for  two 

reasons: 

(a)  Lambe  was  using  compressed  nitrogen  directly  in  contact  with 
the  permeant  to  establish  the  inlet  head.  He  also  had  a  small 
negative  outlet  head.  It  was,  therefore,  considered  that  his 
observed  decrease  in  permeability  may  have  been  caused  by  the 
evolution  and  retention  of  gaseous  nitrogen  in  the  void  space  at 
the  lower  end  of  the  specimen. 

(b)  It  did  not  entirely  explain  the  partial  recovery  of  permeability 
during  periods  of  rest . 

Thinking  on  the  latter  point  has  since  been  revised.  It  seems 
entirely  reasonable  that  when  the  seepage  forces  are  removed  a  random  drifting 
or  dispersion  of  the  colloidal  particles  occurs  and  results  in  an  increase  in 
permeabi  li  ty . 

While  the  decrease  in  permeability  with  permeation  had  not  been 
entirely  explained  it  was  decided  to  carry  on  and  see  what  effect  the  additives 
would  have  and  also  to  see  how  the  Winger  pit  material  would  behave. 
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Accordingly,  tests  number  4  and  5  were  run  on  the  Crawford  material  and 
tests  number  1  and  2  were  run  on  the  Winger  material. 

The  results  obtained  from  these  tests  indicated; 

(a)  that  the  native  Winger  pit  material  behaved  in  the  same 
manner  as  the  Crawford  material,  the  permeability  of  both  decreasing 
as  a  function  of  the  time  of  permeation 

(b)  that  the  additives  did  not  have  any  major  influence  on  permeability 

(c)  that  there  was  a  correlation  between  the  PH  of  the  effluent 
and  permeabi li ty 

(a)  that  the  density  of  the  specimens,  known  to  affect  permeability, 
was  not  being  controlled  with  sufficient  precision  to  make  direct 
comparisons  between  test  results. 

During  the  test  on  the  Winger  material  reliable  PH  readings  were 
obtained  on  the  effluent  at  intervals  throughout  the  test.  These  data  are 
shown  graphically  in  Plate  XV.  There  appeared  to  be  a  definite  correlation 
between  the  change  in  permeability  and  the  change  in  PH.  This  data  is 
offered  as  evidence,  but  not  proof,  that  some  physio-chemical  action  may  be 
responsible  at  least  in  part  for  the  persistant  tendency  of  the  permeability 
to  decrease  with  duration  of  flow. 

Plate  XVI  shows  another  interesting  phenomena  that  occurred  during 
this  test  as  a  result  of  an  error  in  procedure  and  illustrates  the  sensitivity 
of  the  test  results  to  minor  disturbances  of  the  soil.  This  was  the  first  test 


)  i .  'i  .  i  .  .  ' ;  'i 


•  , 


...  , 


j  ... . 


i  .7  . 


i  1  i  . 


i  ,  1  \  j 


(  ' 


7 


i 


.j  :o 


.v  ;  7  '  ;it 


: ) 


.j 


i 


,  .  j 


.  .  ^  ,  >  . 


i  i 


) 


.  .  -1 


> .  \ 


.  J  i 


.  / 


, 


-  L  . 


.  . 


t  ! 


’  I 


1  .  .  7  .  li  ■  !  -  i  • 


in  which  the  mercury  reservoir  type  differential  manometer  was  used  and  some 
difficulty  was  experienced  in  getting  all  the  air  out  of  the  reservoir.  During 
this  operation  the  specimen  was  inadvertently  subjected  to  one  or  two  abrupt 
fluctuations  of  pressure  which  resulted  in  some  structural  disturbance  as 
evidenced  by  a  murky  effluent.  The  effluent  cleared  up  a  few  minutes  after 
steady  flow  conditions  had  again  been  established. 

As  shown  on  the  graph  the  initial  reaction  was  an  immediate  increase 
in  permeabili  ty  by  a  factor  of  about  two.  1 1  was  thought  at  the  time  that 
the  specimen  had  been  ruined  by  channelling  or  piping  and  the  test  was 
continued  mainly  to  try  out  the  new  manometer.  When  this  had  been  done 
the  permeameter  was  switched  back  to  gravity  feed  and  allowed  to  run  overnigh 
The  data  obtained  completed  the  tail  end  of  the  now  familiar  permeability 
time  curve.  This  data  has  been  presented  mainly  as  an  illustration  of  the 
sensitivity  of  permeability  test  results  to  seemingly  minor  disturbances. 

In  spite  of  the  discontinuity  in  the  test  results  and  the  questionable 
reliability  of  the  latter  portion  of  this  particular  permeability  time  curve 
there  does  appear  to  be  a  correlation  between  permeability  and  PH. 

This  immediately  raised  the  question  of  the  puri  ty  of  the  feed  water 
and  the  possibility  that  some  part  of  the  apparatus  or  the  oil  used  therein 
was  contaminating  the  feed  water.  Accordingly  a  sample  of  the  feed  water 
was  submitted  to  Mr.  C.  Emerson  Noble,  Provincial  Analyst,  University  of 
Alberta.  His  report  is  shown  in  Appendix  E.  It  was  reasoned  that  the  feed 
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water  did  not  contain  sufficient  impurities  to  so  greatly  affect  the  permeability. 
The  cause  of  the  change  in  PH  was  not,  therefore,  determined. 

At  this  point  a  decision  had  to  be  made  whether  to  pursue  further 
the  possibility  that  physio-chemical  reactions  were  responsible  for  the  changes 
in  permeabi  li  ty  or  whether  to  carry  on  wi  th  the  program  as  originally  envisioned . 

Since  this  investigation  was  concerned  primari  ly  wi  th  permeability 
from  the  point  of  view  of  pore  pressure  dissipation  in  a  sub  base  under  dynamic 
loading  and  since  a  sub  base  would  not  normally  be  subjected  to  the  severe 
leaching  or  permeation  effects  inherent  in  the  permeability  test  it  was 
reasoned  that  the  time  dependent  variations  in  permeability  could  for  the 
purposes  of  this  investigation  be  ignored.  Pursuit  of  the  former  cause  would 
have  been  exceedingly  interesting  if  oniy  from  an  academic  point  of  view,  but 
actually  would  have  been  far  beyond  the  scope  of  this  investigation.  It  was 
decided,  therefore,  to  carry  on  and  see  if  any  useable  correlations  could  be 
established  on  the  basis  of  initial  permeabi  li  ty  readings  only. 

On  the  basis  of  initial  readings  only  the  results  so  far  clearly 
illustrated  the  importance  of  density  in  its  effect  on  permeability.  It  was  also 
apparent  that  the  required  precision  of  density  control  was  not  being  achieved 
with  dynamic  compaction.  It  was  reasoned  that  if  static  compaction  were  used 
the  desired  control  could  be  achieved  and  that  a  series  of  permeability  tests 
could  be  run  on  a  given  specimen  at  several  different  densities.  This  would 
establish  a  permeability  versus  density  curve  for  a  given  sample  and  with  a 
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family  of  these  curves  the  influence  of  the  addi  tives  could  be  studied.  This 
approach  also  had  the  advantage  of  conserving  the  rapidly  dwindling  supply  of 
preparea  material. 

Test  number  6  was  the  first  test  in  which  static  compaction  was  used 
and  was  therefore  somewhat  experimental.  However,  tests  number  7,  9,  11, 
12  and  13  were  run  on  statically  compacted  samples  using  a  standard  procedure 
throughout.  Test  number  8  was  run  for  a  special  purpose  that  will  be  discussed 
later.  Throughout  this  latter  phase  of  the  program  the  duration  of  flow 
through  the  specimen  was  kept  to  a  minimum.  The  results  achieved  in  this 
phase  of  the  investigation  are  shown  in  Table  VII »  It  should  be  noted  that 
the  coefficients  of  permeability  shown  in  Table  VII  are  initial  values  only  and 
do  not  take  into  consideration  the  major  changes  caused  by  permeation. 
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TABLE  VII 


Summary  of  Permeability  Test  Results 

Sample  Additive  Method  M„C.  Dry  Void  Final 

No.  of  %D.W.  Density  Ratio  Degree  of 

Compac.  Ib/ft°  Saturation 

% 


Crawford  Pit  -3"  Material 


1 

Dyn. 

8.20 

119.6 

0.41 

II 

125.1 

0.34 

2 

Dyn„ 

8.13 

123.1 

0.36 

it 

128.2 

0.31 

3 

Dyn. 

8.06 

127.0 

0.32 

94 

4 

3%  L.F.A. 

Dyn. 

9.50 

130.3 

0.29 

93 

5 

Dyn. 

7.67 

131.6 

0,27 

6 

Dyn. 

7.0 

117.5 

0.43 

Static 

120.9 

0.39 

11 

123.2 

0.36 

II 

126.2 

0.33 

11 

129.5 

0.29 

7 

Static 

6.5 

118.1 

0.42 

ii 

123.5 

0.36 

II 

129.8 

0.30 

8 

Static 

11.5 

123.5 

0.36 

II 

131.0 

0.28 

9 

Static 

6.5 

118.5 

0.42 

II 

121.2 

0.36 

n 

128.5 

0.31 

11 

0.5%  N.P.C. 

Static 

7.63 

120.5 

0.39 

ii  ii 

n 

126.1 

0.33 

II  II 

ii 

130.1 

0.29 

96 

12 

1.5%  L.F.A. 

Static 

9.3 

120.5 

0.39 

125.2 

0.34 

129.7 

0.29 

90.5 

13 

Static 

7.0 

119.2 

0.41 

122.1 

0.37 

126.5 

0.33 

130.2 

0.29 

86.0 

Winger  Pi t  Material 

1 

Dyn. 

6.0% 

141.0 

0.19 

2 

3%  L.F.A. 

Dyn. 

6.0% 

134.0 

0.25 

II 

135.0 

0.24 

Permeabi  li  ty 
at  2(TC 
cm/  sec 


2.66xl0“2 
1 .98x10-5 
8.91xl0"3 
4.37xl0~4 
2.48xl0"4 
6.04xlQ“5 
4.88X10"6 
1.08xl0'2 
8. 37x1 0"5 
1.70xl0"5 
3.84xlQ"6 
8.20xl0-7 
4.58xl0-3 
4.50xl0"5 
5098xlO"6 
1.40xl0"4 
1.81xl0“7 
U 19xl0-2 
4.79xl0"4 
1.87xlQ"5 
8.45x10-3 
2.79xl0"4 
1.94xl0"5 
5.46x10-3 
5. 57X10-4 
5. 06xl0-5 
7.24xl0“3 
1.32xl0-4 
9.18xl0-6 
1.91xl0-6 


6.47xl0"5 

4.63x10-4 

9.57xl0-5 


if 


l 


■  \ 


1 


1 


M 

•J  1 


7 


'i  T- 


oae  u 3d  *iaid  AimavawuHd 


. 

CD 

<f 

«  O’  'H  f 

/ 

' 

’ 

.  ' 

UJ 

£ 

-J) '  tfll  l  "I 

o:  2  „ 

Ll  _!  Q  W 

■ 

- 

■  i 

K 

Ui 

>  i_  '  1C  _I 

Hoc. 

J  i  i 

■ 

' 

| 

-  r  : 

. 

■ 

3  j :  ■ 

O 

( 

<  w 

X 

u 

- j-  .  - !  ■  ■ 

J 

y 

/ 

/ 

: 

. 

'■i  -L 

I  1 

J  !  i  '  | 

!  I 

■  7  t  !  - 

/  • 

/  i 

j 

: .  3  r .  _ 

'  ;  ;  ; 

j  ;  f  j 

- 

1 

:  rf r 

1 

!  i  !  -  ■ 

• 

1 

1  ' 

1 

1 

J  . ...j 

i  i  " . 

/ 

:  . 

;  .  ! 

:  / 

‘  ‘  .  -  - 

■ 

t 

;  '  '  ! 

• 

,  .  . 

j 

. 

. 

•i 

; . .  / :  j 

/ 

/ 

/  .  .. 

'■ 

j 

...  -  * 

r  — 

~ 

/ 

;  :  !■,; 

i 

!  " 

g^r 

I 

L  .  .. 

.  •  •- 1  • 

• 

r 

;  ,  ;  :  1  :  . ■ : 

/ 

, 

;  ' 

:1  ' 

:  {- 

■  f  f~* 

i-  ;  , 

■  : 

' 

ili r 

, 

j  ;  j 1 

/ 

-i  /  .| 

/ 

J 

/ 

LJ-T 
.  i..  J .  |  ; 

III1 

,  -  •*  i 

I  .  * .  i 

' 

1  J  j 

JTl  : 

l L 

;int 

iili 

i  1  ! 

|  i.  4- : 

i  i  H 1 

.j.  i .  i . 

i 

i  1  ! 

i  , 

'  ■  -i  -L- 

j 

M  h 

.  ■]  i  -  i 

i '  r 

1  i  i  i 

■ 

i , 

: 

. 

. 

r  1  :  :  j. 

.  ;  1  1 

, ;  1 1". 

DURATION  OF  FLOW  IN  HOURS 


TIME  OF  FLOW  IN  MINUTES  PLATE  XIII 
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MODEL  DATE 
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C  M0  PER  S  E  C  o  PLATE  XVIII 


CHAPTER  XIV 


DISCUSSION  OF  RESULTS 

For  comparitive  purposes  the  data  presented  in  Table  VII  are  shown 
graphically  in  Plate  XVII.  The  most  striking  feature  of  this  plate  is  the 
extreme  range  in  numerical  values  of  the  coefficient  of  permeability  of 
untreated  Crawford  pit  material.  The  values  ranged  from  2  x  1Q-Z  to 
2  x  10“^  cm/sec.  depending  primarily  on  the  density  and  method  of  test. 

It  will  also  be  noted  that  the  test  densities  were  all  within  a  fairly  narrow 
band;  the  minimum  being  117.5  Ibs/ft^  the  maximum  1 31 .6  lbs/ft^.  While 
these  results  are  admittedly  erratic  they  are  perhaps  not  entirely  beyond 
reason. 

Now  it  is  known  that  some  of  the  results  shown  on  Plate  XVII  are 
unreliable  for  various  reasons  already  stated.  If  the  data  of  questionable 
reliability  are  eliminated  and  the  graph  is  redrawn  using  only  those  data  that 
were  obtained  with  standardized  test  procedure  and  which  are  considered 
reasonably  reliable  the  picture  becomes  much  less  confusing.  These  data  are 
shown  on  Plate  XVIII. 

Very  little  literature  has  been  published  on  permeability  test  results 
where  useable  numerical  data  are  given  and  generally  when  such  data  are 
given  they  are  applicable  to  a  material  of  relatively  narrow  gradation  or  range 


in  grain  size.  However,  Burmister  (18)  has  shown  that  the  greater  the  range 
in  grain  size  distribution  the  greater  the  influence  of  relative  density  on 
the  coefficient  of  permeability. 

He  did  not  report  on  any  materials  with  a  gradation  quite  like  that  of 
the  Crawford  pit  material  used  in  this  investigation.  The  maximum  aggregate 
size  in  his  widest  gradation  was  3/4  inch.  He  did  not  report  the  plasticity 
characteristics  of  the  fine  fraction  but  from  his  reported  grain  size  distribution 
it  can  be  inferred  that  the  fines  were  predominately  silt  and,  therefore,  non 
plastic.  In  other  words  the  maximum  spread  in  grain  size  in  the  material  used 
by  Burmister  was  considerably  smaller  than  the  spread  in  the  Crawford  material. 
Using  this  material  he  observed  the  permeability  to  range  from  6  x  10“^  to 
3  x  1Q”^cm/sec;  a  ratio  of  approximately  200  in  going  from  a  relative 
density  (5)  of  1.0  to  99  percent. 

It  will  be  seen  from  Plate  XVIII  that  the  average  permeabi li ty  of  the 
untreated  Crawford  pit  material  varied  from  7  x  10-^  to  6  x  10“^,  a  ratio  of 
approximately  1000,  in  going  from  a  dry  densi ty  of  118.5  to  129.5  Ibs/ft °. 
The  range  in  permeability  was  somewhat  greater  but  so  was  the  range  in  grain 
size.  It  is  considered,  therefore,  that  the  data  shown  on  Plate  XVIII  are  not 
entirely  unreasonable. 

From  a  study  of  Plate  XVIII  the  influence  of  the  additives  can  be 
clearly  seen.  Generally,  for  a  given  density,  the  treated  material  had  a 
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coefficient  of  permeability  roughly  ten  times  greater  than  the  untreated 
material.  However,  in  view  of  the  overall  range  in  permeability  this 
difference  is  not  really  very  large. 

There  appeared  to  be  little  difference  between  the  influence  of  the 
Portland  Cement  and  the  lime-fly  ash  additives  at  a  concentration  of  0.5  percent* 
by  dry  weight  of  minus  three  inch  material.  This  corresponds  to  an  additive 
concentration  of  2.8  percent  with  respect  to  the  dry  weight  of  the  minus 
number  40  sieve  material.  The  lime-fly  ash  additive  showed  a  slightly 
steeper  permeabi li ty  densi ty  curve  but  this  could  well  be  attributed  to 
experimental  error. 

It  would  perhaps  have  been  desirable  to  run  a  few  tests  at  higher 
additive  concentrations,  but  the  results  of  test  number  3  on  the  natural 
material  and  test  number  4  on  material  containing  a  3  percent  concentration** 
of  lime-fly  ash  admixture  indicated  that  little  additional  benefit  would  be 
derived . 

The  permeability-density  curves  for  the  untreated  material  reveal 
an  interesting  feature.  When  the  material  was  compacted  or  consolidated  in 
the  saturated  state  there  was  a  marked  drop  in  permeabi  li  ty  wi  th  the  first 
small  increase  in  density  and  thereafter  the  change  in  permeability  with  density 
was  less  pronounced  up  to  the  maximum  density  obtained.  This  is  exactly  opposite 

*  Unless  otherwise  stated  in  this  discussion  all  addi  tive  concentrations 

are  expressed  as  a  percentage  of  the  dry  weight  of  the  minus  3  inch  material. 

This  corresponds  to  a  concentration  of  11.1  percent  when  expressed 
as  a  percentage  of  the  dry  weight  of  the  minus  No.  40  sieve  fraction. 
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to  the  effects  observed  by  Burmister  (18)  and  the  reason  is  believed  to  be  the 
influence  of,  and  changes  that  occur  in,  the  soil  structure  as  a  result  of 
different  testing  procedures  and  also  slightly  different  soils. 

In  Burmister1  s  tests  the  soil  was  placed  and  compacted  in  the  dry  state 
and  saturated  from  the  bottom  under  full  vacuum.  This  procedure,  as  will  be 
seen  later,  should  minimize  the  influence  of  structural  changes  that  are 
believed  to  occur  after  the  process  of  saturation. 

There  is  considerable  evidence  both  in  this  investigation  and  in  the 
work  reported  by  Lambe  (17)  that  soil  structure  is  an  important  variable  and 
can,  other  factors  being  constant,  have  a  major  influence  on  permeability. 

The  existence  of  a  soil  structure  was  apparent  very  early  in  this  invest¬ 
igation.  It  was  for  this  reason  that  mechanical  mixing  in  the  concrete  mixer  was 
rejected  because  it  tended  to  roil  the  fines  into  a  system  of  spheres.  Even  after 
hand  mixing,  close  examination  of  the  material  revealed  the  existence  of  a 
structure  in  the  fine  fraction  when  mixed  at  any  moisture  content  below  10 
percent.  Below  this  moisture  content  the  fines  had  a  flocculent  or  aggregated 
structure  somewhat  similar  to  the  "nugget"  type  structure  often  observed  in 
weathered  clays  and  this  structure  was  still  in  evidence  even  after  the  material 
had  been  compacted.  This  structure  was  attributed  to  aggregation  by  capillary 
forces  in  the  clay  fraction  of  the  fines  and  it  was  reasoned  that  it  would 
disappear  upon  saturation. 

As  soon  as  the  static  compaction  procedure  had  been  adopted  and 
tests  number  6  and  7  completed  a  fundamental  difference  could  be  observed 
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in  the  permeabi  li  ty  densi  ty  curves  established  by: 

(a)  tests  number  6  and  7 

(b)  tests  number  3,  4,  5  and  the  initial  points  of  6  and  7. 

At  the  time  a  change  in  structure  was  suspected  to  be  the  cause 
and  in  an  attempt  to  prove  this  sample  number  8  was  mixed  and  placed  at  a 
moisture  content  of  11.5  percent  where  the  structure  seemed  to  disappear,. 

The  material  was  rodded  and  worked  in  the  mold  deliberately  to  obtain 
thorough  dispersion  of  the  fines. 

The  ini  tial  permeabili  ty  of  sample  number  8  at  a  dry  densi  ty  of  123.5 

O 

lbs/ft°  fell  very  close  to  the  line  established  by  samples  number  6  and  7  which 
at  this  density  had  been  disturbed,  i.e.  recompacted  in  the  saturated  state. 
This  was  taken  as  evidence  of  the  influence  of  soil  structure,. 

It  is  believed  that  the  difference  in  the  permeabi  li  ty  densi  ty  curves 
established  by  different  test  procedures  can  be  explained  on  the  basis  of  changes 
in  structure  and  a  possible  explanation  follows: 

(a)  When  the  natural  material  is  compacted  either  dynamically  or 
statically  below  a  moisture  content  of  10  percent  and  subsequently 
saturated;  the  term  saturated  being  used  in  its  colloquial  sense, 
the  fioccuient  or  aggregated  structure  of  the  fines  tends  to  persist. 

(b)  There  is  probably  a  tendency  for  the  clay  to  disperse  with  time 
but  it  is  believed  this  tendency  is  greatly  augmented  by  mechanical 
disturbances  of  the  structure  brought  about  by  changing  stress 
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conditions  within  the  soil  mass.  Therefore,  if  the  material  is 
compacted  to  a  given  density  at  a  moisture  content  below  10  percent 
and  then  tested  for  permeability  the  resulting  coefficent  of  permeability 
will,  due  to  the  persistence  of  the  aggregated  structure,  be  very 
much  higher  than  if  the  specimen  is  brought  to  this  density  in  the 
saturated  state  and  the  clay  is  dispersed  in  the  process. 

It  is  believed  that  this  break-down  of  the  aggregated  clay  structure 
also  explains  the  fundamental  difference  in  the  shape  of  the  permeabi li ty=densi ty 
curves  obtained  in  this  investigation  and  those  obtained  by  Burmister  (18). 

In  this  investigation  the  effect  on  permeability  of  changes  in  density  or  void 
ratio  during  the  early  stages  of  densification  are  completely  masked  by  incidental 
changes  in  structure.  These  did  not  occur  in  Burrnister1  s  tests  because  he 
placed  and  compacted  the  material  in  the  dry  state  for  each  test.  The 
permeabi  li  ty  densi  ty  curves  established  by  tests  number  5,  4,  Sand  the  initial 
points  of  7,  9  and  13  more  closely  approximate  the  shape  of  Burmisterls  curves. 

From  a  study  of  Plate  XVIII  it  can  be  seen  that  there  is  no  great 
difference  in  the  initial  permeabi  li  ty  of  tests  numbers  7,  9,  11,  12  and  13, 
and  the  additives  do  not  seem  to  have  much  effect  until  after  the  samples  were 
subjected  to  mechanical  distortion.  Tests  number  3  and  4  also  illustrate  this. 

It  is  concluded,  therefore,  that  the  main  influence  of  the  additives  is  simply 
to  hold  the  clay  fraction  in  an  aggregated  state  during  mechanical  distortion 


of  the  materia! . 
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As  indicated  in  the  summary  of  results  a  limited  number  of  moisture 
content  determinations  were  made  on  the  permeated  material  and  from  these 
data  the  final  degree  of  saturation  was  computed.  These  data  are  not  considered 
too  reliable  for  reasons  already  mentioned  but  they  do  tend  to  indicate  that  complete 
saturation  was  not  achieved.  According  to  Lambe  (17)  complete  saturation 
rarely  is  achieved  in  permeability  tests.  While  the  degree  of  saturation  is  known 
to  influence  the  permeability  (11)  it  is  considered  that  in  these  tests  the  effects 
of  the  relatively  small  percentage  of  air  in  the  voids  would  be  minor  compared 
to  the  effects  attributed  to  changes  in  soil  structure  and  density. 

In  summary  the  results  showed  that  the  permeability  of  Crawford  pit 
material  of  given  gradation  may  vary  by  a  ratio  of  100,000  and  seemed  to 
depend  on  the  following  variables: 

(a)  The  densi  ty  of  the  material . 

(b)  The  method  of  preparing  and  compacting  the  specimen. 

(c)  The  amount  of  permeation. 

(d)  Incidental  structural  changes  that  occur  during  permeation 

that  seem  in  turn  to  depend  on  variations  in  (a),  (b)  and  (c) 
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Other  investigators  (11),  (17)  and  (18)  have  shown  that  the  following 
variables  also  have  a  major  influence  on  permeability: 

(e)  The  degree  of  saturation. 

(f)  The  percentage  of  material  passing  the  number  200  sieve. 

(g)  The  plasticity  characteristics  of  the  minus  number  200  sieve 


fraction. 
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CHAPTER  XV 


CONCLUSIONS 


On  the  strength  of  the  test  results  obtained  and  the  argument 
presented  in  explanation  thereof  the  following  conclusions  may  be  drawn: 

l„  The  permeability  of  the  native  Crawford  and  Winger  pit  materials 
investigated  is  an  extremely  variable  and  difficult  quantity  to  measure  and 
will  depend  on  at  least  seven  different  variables  each  of  which  can  exert  a 
major  influence  thereon. 

2.  It  is  concluded  therefore  that  considerable  research  remains 
to  be  done  before  the  permeability  test  can  be  used  in  the  routine  selection 
and  classification  of  sub  marginal  aggregates. 

3.  When  the  minus  3  inch  Crawford  pit  material  is  mixed  and 
compacted  at  moisture  contents  of  less  than  10.0  percent  there  appears  an 
aggregated  type  of  structure  in  the  clayey  fraction  that  is  not  completely 
broken  down  by  mechanical  distortion  or  the  compaction  process  as  long  as 
the  moisture  content  remains  below  10.0  percent. 
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4.  Mechanical  distortion  of  the  material  in  the  saturated  state 
causes  a  break  down  of  the  above  structure,  dispersion  of  the  clay  fraction, 
and  a  reduction  of  the  permeability. 

5.  The  addition  of  Portland  cement  or  lime  and  fly  ash  in  the 
concentrations  tested  had  a  minor  influence  on  the  permeability  of  the  material 
in  comparison  to  the  influence  of  some  of  the  other  variables. 

6.  The  main  influence  of  the  additives  was  to  retard  the  break  down 
of  the  aggregated  structure  in  the  clay  fraction  when  the  material  was  disturbed 
in  the  saturated  condition. 

7.  The  superior  shearing  strength  characteristics  of  the  treated 
material  that  have  been  observed  by  others  (1)  (2)  can  only  be  attributed 
in  part  to  improved  or  increased  permeability. 
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CHAPTER  XVI 


CONCLUDING  DISCUSSION  AND  RECOMMENDATIONS 
FOR  FUTURE  RESEARCH 


Before  making  any  specific  recommendations  for  future  research 
it  would  be  well  to  review  very  briefly  and  in  general  terms  what  has  been 
accomplished  to  date  because  it  is  largely  on  these  grounds  that  the  recommenda¬ 
tions  are  made. 

Clark  (1)  and  Millions  (2)  have  shown  that  the  addition  of 
various  small  quantities  of  Portland  cement  or  lime  and  fly  ash  to  Crawford 
pit  gravel  resulted  in  an  appreciable  gain  in  shearing  strength  when  tested 
in  the  12  inch  vacuum  triaxial  apparatus  at  moisture  contents  generally 
below  6  percent.  However,  Millions  was  able  to  show  that  when  the  moisture 
content  was  raised  by  as  little  as  two  or  three  percent  both  the  treated  and 
untreated  material  suffered  a  marked  loss  of  strength.  Even  though  both 
suffered  a  loss  of  strength  the  treated  material  was  always  superior  to  the 
untreated  for  any  given  moisture  content. 

These  findings  indicated  that  both  additives  could  be  effectively  used 
to  modify  the  material  but  two  vitally  important  questions  remained  unanswered; 

(1)  Was  the  improvement  in  shearing  strength  permanent  or  would 
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it  be  destroyed  by  weathering;  more  specifically  by  cyclic  freezing 
and  thawing? 

(2)  Was  the  improvement  in  shearing  strength  of  the  treated 
material  sufficient  to  ensure  adequate  performance  under  adverse 
drainage  conditions? 

Part  "A"  of  this  investigation  was  undertaken  to  obtain  directly 
an  answer  to  question  number  one.  Part  "B"  was  of  a  more  academic  nature 
the  intention  being  to  learn  more  about  the  behavior  of  the  material  and 
perhaps  in  a  round  about  way  get  more  information  that  would  help  to  answer 
question  number  two. 

With  the  reservations  that  will  presently  be  stated,  part  "A"  of 
this  investigation  might  be  considered  successful  in  that  it  was  shown  that 
cyclic  freezing  actually  benifited  the  material.  Part  "B"  might  be  classed 
a  failure  and  certainly  was  if  evaluated  from  a  purely  practical  point  of  view. 
However,  lest  erronious  conclusions  be  drawn  it  must  be  stated  that  the 
question  of  durability  has  not  yet  been  completely  answered  and  cannot  be 
until  the  answer  to  question  number  two  is  known. 

As  stated  in  Chapter  VIII  the  strength  gains  observed  by  Clark  and 
Millions  are  believed  due  mainly  to  material  modification.  If  this  strength 
gain  is  sufficient  then  the  question  of  durability  is  answered.  If  this  gain 
is  not  sufficient  and  higher  additive  concentrations  are  required  in  order  to 
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achieve  a  soil  cement  type  base  then  the  influence  of  cyclic  freezing  and 
thawing  might  have  a  detrimental  effect. 

Now  stability  is  not  the  only  problem  in  connection  with  pavement 
foundations  but  it  is  certainly  a  major  problem  and  the  main  one  under 
consideration  here.  The  main  question  remains  therefore:  What  is  the 
minimum  acceptable  saturated  shearing  strength  and  how  can  it  be  determined? 
Millions  attempted  to  evaluate  the  material  by  the  Kansas  and  Texas  methods 
(19)  but  concluded  as  did  Clark  that  there  is  no  established  and  developed 
method  of  evaluating  material  of  this  nature,, 

Many  organizations  have  been  faced  with  similar  problems  in  the 
past  and  took  the  logical  step  of  developing  a  testing  procedure  that  would 
give  them  the  answers  to  the  specific  problems  with  which  they  were  faced. 
Unfortunately  most  of  the  methods  developed  were  highly  empirical  and 
this  is  precisely  the  reason  why  they  cannot  be  used  today  to  solve  problems 
or  predict  the  behavior  of  materials  that  are  beyond  their  relatively  narrow 
scopes. 

It  is  considered  therefore  that  the  prime  requirement  at  this  time 
is  the  development  of  a  suitable  laboratory  test  that  will  permit  a  scientific 
evaluation  of  the  shearing  strength  characteristics  of  the  wide  variety  of 
materials  that  may  with  proper  treatment  be  useable  as  flexible  pavement 
sub  base  or  base  courses. 
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Clark  and  Millions  had  considerable  success  with  the  12  inch  vacuum 
triaxial  test  particularly  on  materials  at  a  low  moisture  content.  However, 
there  is  some  doubt  in  the  authors  mind  as  to  the  reliability  of  the  vacuum 
triaxial  test  on  nearly  saturated,  highly  impervious  clay-aggregate  mixtures 
of  the  type  and  grading  used  in  this  investigation.  The  reasoning  behind 
this  statement  follows: 

(a)  In  accordance  with  Boyle^s  Law,  to  reduce  the  pressure  of  a 
confined  gas  at  constant  temperature  it  is  necessary  to  increase 
its  volume.  At  relatively  high  degrees  of  saturation  the  air  in 
the  soil  voids  is  completely  surrounded  by  water  (11)  and  to 
increase  i  ts  volume  a  considerable  quanti  ty  of  water  must  be 
removed  from  the  specimen.  Now  if  the  permeabi li ty  of  the 
material  is  very  low  and  part  "B"  of  this  investigation  indicates 
that  it  can  be,  this  process  may  take  considerable  time. 

(b)  Even  if  sufficient  time  were  allowed  for  static  conditions 
to  prevail,  are  we  justified  in  assuming  that  no  meniscus  forces 
are  acting  and  that  the  neutral  stress  is  truly  uniform  throughout 
the  specimen?  If  it  can  be  shown  that  the  neutral  stress  is  in 
fact  uniform  will  the  material  react  to  stress  or  more  particularly 
changes  in  stress  in  the  same  way  at  this  very  much  lower  degree  of 
saturation?  According  to  Casegrandess  Working  Hypothesis  (14) 
and  the  concepts  of  pore  pressure  parameters  developed  by  Bishop 
and  Henkel  (20)  it  would  not. 
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While  these  questions  may  be  resolved,  the  vacuum  triaxiai  test 
has  one  other  major  limitation  and  that  is  the  relatively  narrow  range  of 
lateral  pressures  that  may  be  applied.  The  pressure  cell  type  triaxiai  test 
would  eliminate  these  problems  and  it  is  believed  would  be  capable  of 
producing  stress  conditions  in  all  types  of  materials  more  closely  approximating 
those  that  cause  failure  in  the  field. 

Much  remains  to  be  learned  about  the  true  stress  conditions  in 
a  pavement  under  a  moving  wheel  load  and  a  design  engineer  would  have 
difficulty  in  applying  triaxiai  test  results  directly  to  the  problem  of 
pavement  design,  however  these  problems  may  someday  be  resolved  (21). 

Even  if  they  are  not  resolved  it  should  be  possible  to  establish  a  workable 
correlation  between  triaxiai  test  results  and  pavement  thickness  design 
as  has  been  done  by  the  Kansas  State  Highway  Department  (23). 

Even  if  the  correlation  between  the  triaxiai  test  results  and 
field  performance  are  empirical  at  least  the  laboratory  test  would  be  on 
a  sound  scientific  foundation  and  any  factors  such  as  the  addition  of 
additives  that  would  influence  the  stability  or  shearing  strength  in  the 
field  should  be  reflected  in  test  results.  Once  the  correlation  is  established 
the  design  engineer  would  be  able  to  predict  with  more  precision  and  confidence 
the  benifits  that  may  be  derived  from  various  types  of  treatment  or  processing. 
It  may  even  be  found  that  certain  materials  that  will  not  meet  current  spec¬ 
ifications  could  in  fact  be  used  for  certain  applications. 


;  .  .  I 
;  •  i 


i v  . 


.  )  : .  - ...  i  v  j  .  .  . . , 


.  v.  i  ~i  i  ...  *  i  i  i 


0 


.  .  . ..  I 


--.  -  -  l 


.  i  .1  .  i  .  .  I 


.  I  .  .  .1 


.  I  i 


,  1  .  ,  .  .  .  1 


T  7 


L  .  I  ...  t  .  , 


(  ) 


'i 


...  .v  j  . 


i  .  ■ .  i 


i  . . 


(  )  ■ 


i  •;  '  .  ■;  i  . 


■;  i  _  j  .v ;  7 »  i  . . 


,  v 


, . 


. , 


i  . 


.■  1 1  i 


.  .  .  '/i  ,  <  ..  / 


ii.  ... 


i  i  i 


i  ii. 


i .  i  i  i  /  i  i  i ..  .  i 


.•I...  .  i  i  i  i 


109 


The  preceeding  treatise  forms  the  main  basis  for  the  recommendations 
that  will  now  be  made. 

1.  Construct  an  experimental  18  inch  pressure  cell  type  triaxial 
apparatus  and  run  a  few  preliminary  tests  mainly  to  solve  some  of 
the  inevitable  problems  that  will  arise. 

2.  As  a  refinement  to  the  basic  apparatus  add  at  some  later  date 
a  pore  pressure  sensing  system. 

3.  When  a  suitable  test  and  test  procedure  has  been  developed 
carry  out  a  field  correlation  study  to  determine  minimum 
acceptable  sub  base  aggregate  shearing  strength  requirements. 
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Sheet  1  of  4 


Time  in 

Hours 
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Day 
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No. 
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2 
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5 
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2 

3 

29  " 

6 

4 
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Sheet  2  of  4 

Time  in  Hours  1000  1600  2200 
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Day 

No. 

Cycle 
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Frozen 

Thawed 

10  July 

17 

1 
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3 
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3 

12 

4 
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6 

4 

5 

6 
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18 
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2 
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13 

4 

5 

6 
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19 
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2 
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Sheet  3  of  4 

Time  in 

Hours 

1000 

1600 

2200 
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Sheet  4  of  4 


Time 

in  Hours 

1000 

1600 

2200 

Date 

Day 
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Samples 

Samples 

Samples 

No. 
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Tested 

Frozen 

Thawed 

1 1  Aug. 

49 

44 
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6 
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45 
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APPENDIX  B 


Detailed  Test  Data  for  Part  "A" 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  h  rccz<S  ~T~'havj  Invest 

SITE  C  r  a  1-/ -f  0  r  d  Pit 

SAMPLE  “  **40  Control  S^omp/c 

LOCATION  A/o  PJtJitive 

HOLE  DEPTH 

TECHNICIAN  -t-j, v.  DATE  2s-c-^9 

Liquid  Limit 

Trial  No- 

/ 

2 

3 

P 

S' 

6 

No-  of  Blows 

/  7 

/  V 

2o 

3 / 

3  0 

2  9 

Container  No- 

V  73 

.  .  v  . 

V  VP 

V  VO 

V7  2 

V  V3 

Wt-  Sample  Wet+Tare 

96  4V 

1/2  ?6 

106  7  2 

9C  7V 

96-2/ 

9  V  40 

Wt-  Sample  Dry  +Tare 

10260 

97  -co 

X9  7/ 

VZ-73 

90  63 

Wt-  Water 

V-vo 

10-36 

9  /  2 

7-07 

7-4  V 

7-7  7 

Tare  Container 

Cl  iv 

77  43 

7  S3  V 

72-00 

7  000 

7/-  16 

Wt-  of  Dry  Soil 

2  140 

2  s- 1  7 

27  2  2 

1111 

1  V  73 

19  47 

Moisture  Content 'v/% 

HI- 3 

4/1-2 

41 10 

37  9 

....  3?? 

3  9-9 

Average  Values 

40  4 


^t: 

M  8 
Ip7 8 
If  * 
Its- 


JJ-L 


16 7 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry+Tore 


Wt-  of  Dry  Soil 


Plastic  Limit 


lE-ifl  I  N.P; 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content  %|  2  3 V  23  6 


P  P 


ci  izz 


to-ntv 


I  934 


52  057 


V  13/ 


Ff  n 


52  -297 


CoS  6  o 


1-737 


53/61 


7  39V 


Q~T 


62-4SS’ 


5  0  64S 


l-fr/O 


S3  061 


7  SX3 


23  9 


Shrinkage  Limit 


Trial  No- 


Container  No- 


A3 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -1-Tare 


m.Wfll&L 


c 

a> 

-42. 

c 

o 

O 


4> 

w 

3 

»4  I 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  W7C 


Vol-  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "UTg 


t 


40 


— 


M  =  'Ur 


CwT"  *  ,0°) 


UL 


39 


Description  of  Sample: 


..a 


h 


Remarks; 


£ 


-sS...o.aa/2./.fi_ j2.s..?A^s/  ,  £.4.  .hr*. 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


PROJECT 

/-  r<?ex<~  7  A7dn~/  Invest- 

SITE 

C  i'  afford 

Pit 

SAMPLE 

a  1 

LOCATION 

hole;  Cvc/c  m  i 

DEPTH 

TECHNICIAN  -t-s,v 

DATE  26-6-  69 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Li  quid  Limit 


Trial  No- 


No.  of  Blows 


2o 


2/ 


2  2 


2<6 


29 


35- 


Container  No- 


V  62 


V  6/ 


V  ix 


V  77 


V  74 


V  Sr  6" 


Wt-  Sample  Wet  t  Tare 


93  34 


/os.  % 


/  /  7.  ~70 


9*  4  3 


96  4  3 


109  73 


Wt-  Sample  Dry  +  Tore 


9  7  fro 


/o  froo 


<6  9  7C 


<3  9  50 


lol-6<X 


Wt-  Water 


9  42 


%■  QX 


9-7  0 


S-6,7 


6 9X 


<3  03 


Tare  Container 


^5'- OS' 


76  7o 


37  73 


14  fro 


7  III 


?o/n 


Wt-of  Dry  Soil 


7. 


/£/•  /o 


2X22 


///•  96, 


13  39 


Zl  26 


Moisture  Content  1*/% 


3fr-7 


3fr  3 


3  SM 


3  7  9 


3  fr-o 


3  7  8" 


Plastic  Limit 


IrJ  q.L.N.9.: 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry f Tare 


Wt-  Wafer 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  32-9  32  / 


I 


Bw 


66  87  3 


63-079 


2-744 


SA-134 


S'- zn  s' 


3/=? 


60-9  36 


S3-7oX 


2-22X 


S 1-766 


6-  96  2 


RV 


6Xo64. 


62X63 


2  xol 


S4-4  3I 
X  /  32. 


3o-X 


Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt-Samole  Wet+Tare 

Wt-  Sample  Dry  +  Tare 


mMslZL 


Tare  Container 


Wt-of  Dry  Soil 


Moisture  Content  ■W'% 


Vol  -  Container  V 

Vol-  Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 

Shrinkage  Limit  "u/8 


J 


H 


Juj  =  -W- 


(?w^ s  l0°) 


Description  of  Sample;. 


Remarks; 


. 


' 


- 

121 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  F~r  C  e  7  e  ~r h  Invest 

SITE  (7i~on+s-foi~o[  P>t 

SAMPLE  *  -* 

location 

SSiiE  Cye/e  *  3  DEPTH  7>^y  *4 

TECHNICIAN  -7-5.-'  DATE  27-6-60 

Liquid  Limit 

Trial  No- 

1 

2 

3 

4 

5 

6 

No-  of  Blows 

29 

26 

3  2 

/  7 

/  7 

/  7 

Container  No- 

v  V 

V  c? 

V  7 

v<z 

V9 

Wt-  Sample  Wet  +  Tare 

%  7- s'  2. 

?7-  /  7 

9/79 

94  9o 

/  0  3  7  3 

96  4  7 

Wt-  Sample  Dry  +Tare 

7  7/0 

sro  o 

96  6  4 

*7.  62 

Wt-  Water 

5  4/ 

4  3  7 

6  23 

S-3  2 

7  09 

V-XV 

Tare  Container 

4  2  9/ 

54/0 

5  9  16 

76  7  r 

79  6V 

66  A  3 

Wt-  of  Dry  Soil 

1  P-20 

16  70 

JC  40 

/  2-VO 

17  06 

2/19 

Moisture  Content  -u/% 

3  VI 

3%  2 

3^6 

4/5 

4  10" 

414 

V 

- 

l\ 

V 

\ 

1 

) 

r 

■) 

\ 

+  1 

T 

1 

\ 

\ 

3 

v 

\ 

\ 

v 

\ 

v 

\ 

l 

\ 

V 

i 

v 

j 

5 

1 

1 

1 

1 

4 

\ 

l 

1 

4 

) 

< 

J 

.. 

Average  Values 

39  / 


^l5 
Wp= 
urs  a 
lp  s 

If 8 

Its- 


3/-  ? 


7  4 


Wt-  Sample  Wet+Tore 


Plastic  Limit 


Idfli-M: 


Container  No- 


Wt-  Sample  Dry-Hare  4o-975 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %|  32-Z 


Pc 


5s  34  2 


2'367 


53  4  93 


7  33  6, 


PH 


SV9  *3 


573^9 


/  554 


-5"  2  0  5"  7 


5  7.7 2. 


3i-4 


PC 


SV-6V0 


57-344- 


/  336 


53  Ob'  7 


4  - 267 


3i-3 


Shrinkage  Limit 


Trial  No- 


Container  No- 


42 


Wt- Sample  Wst-j-Tare 


c 

0) 

Al 

c 

o 

O 


<o 

w 

3 

a>40 


Wt-  Sample  Dry  -PTare 


Wt-.Wfl.tSr 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


Vol-  Container 


Voi-  Dry  Soil  Pat  Ve 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  'u/f 


lS$  - 


*  ,0°) 


39 


38 


Description  of  Sample; 


Remarks-- 


Number  of  Blows 


40 


iriww 


PROJECT  h  i-cex<r  7- h 

0.  \~j  Invest* 

SITE  C  l~  0  l~-'  ~f  a  r 

Pit 

SAMPLE  *  1 

LOCATION  

Cycle  *  )2 

d^T+l  Pav  *  /  3 

TECHNICIAN  -7-3-/ 

DATE  6-7-  S9 

UNIVERSITY  Of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


3  4 


3  7 


3  Sf 


/  £ 


/  jf 


/  7 


Container  No- 


v  7$r 


VC  7 


V  4Z 


vs? 


V  cc 


V  X3 


Wt-  Sample  Wet  +  Tare 


/  o/i -Z  9 


e>3 


yc  ^  7 


X*  24 


%%  64- 


9y 


Wt-  Sample  Dry  -Hare 


9  V  Si 


fr  2-ao 


W  £  9 


X2-4? 


S'  /■  fro 


9o  cs 


Wt-  Water 


S'  7  V 


A  33 


S  I  S' 


S  7S 


£  24 


737 


T ore  C ontoine r 


*  2  7  V 


£y  9/ 


£  7  3  S' 


£y-3?r 


{.£43 


71- J£ 


Wt-  of  Dry  Soil 


IS-  7  3 


1329 


14  3  / 


I  4-  /  / 


I  S3  7 


/  9-^9 


Moisture  Content  Tx/% 


3<s  7 


36  4- 


3£  2. 


4o-  T 


4  o  •£ 


4  o  4- 


41 


Average  Values 

3V-3 


u rls 
Wp= 

Ip  5 

If  * 

Its- 


£  9  3 


9-o 


Plastic  Limit 


lri.aJ— 119- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry -t- Tare 


Wt-  Water 


Tare  Container 


of  Dry  Soil 


Moisture  Content 


a 


£7-31?- 


£4  43  1 


S4  734 


9  £97 


■IIL 


/Q  P 


£0  171 


SV  £S 3 


53-395- 


5"-  25S 


2  S'  ? 


S  /Q 


£o  //  9 


5 If  236 


5"/-  754 


S-4X0 


2  9/ 


Shrinkage  Limit 


Trial  No- 


Container  No- 


40 


Wt- Sample  Wet+Tare 


5 


3 


c 

a> 

-  39 

c 

o 

o 


o 


<»  38 


V 


Wt-  Sample  Dry  +Tare 


mi W&L 


T  are  Container 


Wt-of  Dry  Soil 


Moisture  Content  -w % 


Vol-  Container 


Vol-  Dry  Soil  Pat  Va 


* 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  v» 


5 


2^S  = 


G^'°<0 


Description  of  Sample; 


37 


36 


Remarks; 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


' 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  k  i-cezf-Thaiw  Invest 

SITE  C  rawfoi-</  P  1 1 

SAMPLE  r  1 

LOCATION 

ttOtf  Cvc/e  "  2  6-  2? 

TECHNICIAN  ~7~s^  DATE  Zz-7-s? 

Liquid  Limit 

Trial  No- 

l 

2 

3 

A 

<5" 

£ 

No-  of  Blows 

33 

37 

9.  Y 

2  o 

1  9 

Ao 

Container  No. 

V  7  X 

V  A  7 

V  7  7 

V3 

vcz 

VS2. 

Wt-  Sample  Wet  +  Tare 

1  OS-3  6" 

'SC  3  0 

99  3Y 

90-5'4 

S9-I4 

99  C  2 

Wt-  Sample  Dry  +Tare 

9  9  ■  3S 

So  AZ 

9 %  CY 

fr3  0  2. 

fro  32 

93/0 

Wt-  Water 

Coo 

S-  frfr 

C  7  0 

7  ^ 

C.  -fr2. 

C  S  2- 

Tare  Container 

fr  2-7fr 

C  A  00 

74  SO 

Ca/o 

CS  0  S 

74  frZ 

Wt-  of  Dry  Soil 

1C  S7 

1 C  42 

1  7  YY 

1  fr  92. 

1  7  27 

/  fr  2.# 

Moisture  Content  *u/% 

3c  Z 

3SY 

37  S 

39  fr 

39 -6 

3 

Average  Values 

3Y-  2. 


'UTp- 

= 

Ip  5 
If  * 
Its- 


10  0 


Wt-  of  Dry  Soil 


Plastic  Limit 


lE.jq.LN.9.-. 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry  +Tore 


Wt-  Water 


Tore  Container 


Moisture  Content  %  7  fro 


£2- 


S7  AXo 


SC 3S3 


1-177 


S2-32C 


A -077 


R  H 


SC-73  3 


SS-  7o2 


103  1 


S2  OS7 


3  CAS 


P  C 


SYS7S 


57-447 


I  07  X 


S3  C39 


3- fro  jr 


/ifr-3  2fr3 


Shrinkage  Limit 


Trial  No- 


Container  No- 


40 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


<> 


Wt- Wafer 


$ 


Tore  Container 


c 

a> 

♦*  39 
c 
o 
O 


<u 

w 

zs 

to  38 
o 


Wt-  of  Dry  Soil  Wo 


Moisture  Content 


Vol-  Container 


Voi-  Dry  Soil  Pat  Vo 


* 


Shrinkage  Vol-  V-Vo 


5 


Shrinkage  Limit 


H  -  Gwr* *  ,0°) 


\ 


37 


H 


•3<£ 


7  8  9  10  15  20  25 

Number  of  Blows 


— 


Description  of  Sample:  r.  Sample  has 

dorkcr  £*  o  /  o  i-  >  t~r->  p  r  <s  Q  r  n  n  u  I  a  r 

£  C  T~<y  r  &  •  QcpQq  r~»~»  c  5  o  r 

/  Q  s  T i  c  o,  ppn  r^>  i  x  i  n  J 

Remarks;  ~7  A?<°j<°  choj-aeTer  ist/cs 

l~n  ore  pronoun  CPct  /  /'Ai 


Inc  rc  as  mj  Orldihve  CanTenj 


30  ©40 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


£R.QJ.^PJ—  breeze  T'  h  a  i~s  !r%\/est 


SITE 


C  I-  a  w  fo  r  cl  Pit 


MMELE. 


LOQ.AJ-I.P.N. 


-zsh 


7LC 


DEPTH 


TECHNICIAN 


S  1-/. 


DATE  73-7-69 


Liquid  Limit 


Trial  No* 


No*  of  Blows 


Container  No* 


Wt*  Sample  Wet  tTare 


Wt-  Sample  Dry  4-Tore 


Wt-  Water 


Tore  Container 


Wt*  of  Dry  Soil 


Moisture  Content  '\jj% 


Average  Values 


3% 


Wp=-  ?  7.  .l 

= - 

Ip5 

If  * 

If*. 


Wt*  Sample  Wet+Tare 


/ o-  3 


Wt-  of  Dry  Soil 


Plastic  Limit 


Iriq  I,-Nq.: 


Container  No* 


Wt*  Sample  Dry+Tare 


Wt*  Water 


Tore  Container 


Moisture  Content  % 


R  v 


Co  6ZC. 


67/^4 


I  34Z 


64  43  l 


A  761 


66  4 IK 


S'!  440 


I  036 


61  ' 7l6 


3  7  26 


7  “7-y 


BC 


66/S9 


6  7-  334- 


0-6X6 


64  3  y  / 


7<?62 


77  i 


Shrinkage  Limit 


Trial  No- 


Container  No 


Wt- Sample  Wet  4-Tore 


c 

a> 

*- 

c 

o 

o 


« 

w 

♦- 

to 

o 

2 


Wt-  Sample  Dry  -HTare 


Wt-,. Wafer.. 


Tare  Container 


Wt-of  Dry  Soil  We 


Moisture  Content  mt% 


Vol*  Container 


Vol*  Dry  Soil  Pat  Vo 


Shrinkage  Vol*  V-Vo 


Shrinkage  Limit  V; 


fcs  =  C^ST"  *  ,0°) 


Description  of  Sample; 


i 


Remarks; 


Check  n  I  a  s  f  i  e  t  Tgjf, 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


124 


~ 


' 


16  5 


UNIVERSITY  of 

ALBERTA 

PROJECT  £~f-c  CX  <2  ~T~  h  a\*y  /nvfj/: 

SITE  Cr/iwfoJ  P,t 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  *  7 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HSLE  CY  tU  '  4  ff  DEPTH 

TECHNICIAN  ~r7^.  DATE  is-  (4-4? 

Liquid  Limit 


Trial  No- 


5" 


No.  of  Blows 


±3. 


I  3 


/  3 


3  6 


34 


34 


Container  No. 


XJZL 


V  7/ 


V  46 


V5~y 


H63 


Wt-  Sample  Wet  fTare 


XX'9c> 


9^/o 


lot -3 7 


94  C>0 


OLH. 


liil 


Wt-  Sample  Dry  -Hare 


iCLiLi 


99  Zl 


fr9-4£T 


£3 


fr 


Wt-  Water 


5"-0  / 


a  <rz 


s n 


s sz 


Tare  Container 


H>  -Ho 


74  -4  3 


ST3-7/ 


77  4  3 


6f-6~3 


Wt-  of  Dry  Soil 


IX-  7  3 


n- 9 1 


J  6'  tf  O 


/  ^  -as' 


/3-  fra 


Moisture  Content  TjJ% 


3  9  3 


3  9-  s" 


39  7 


37  ^ 


3  7-6 


3  7  4 


Average  Values 

3JZJL- 


<WV 

Wpv 
Vg  = 

JP  = 
If* 
IfS- 


&7.:.Q„ 


//•* 


Wt-  Sample  Wet+Tore 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trio  L  No- 


Container  No- 


Wt-  Sample  Dry -t- Tore, >Y  6 3  a  S9 947 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


Rh! 


4.0-443 


/•%-/  3 


S2-0S7 


6  S73 


Z7-6 


13  C 


CLA4A 


I  4  93 


S43XI 


3~-  4>  3a  6 


£±  11% 


SK-Q7  7 


I  3X1 


S3  0*7 


4  H90 


U..9  2AJL 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet  +  Tare 


Wt  Sample  Dry  -f  Tans 


5? 


e 

<D  ^ 

*-40 

c 

o 

o 


4> 

w 

w39 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


M oisture  Content  -w% 


Vol.  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


\ 


-Vo 


38 


Description  of  Sample: 


N 


37 


Remarks: 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


. 


- 


■ 


16V 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  F~  Feeze  1~  h  o\-/  1  n  V  C  S  ti  a  a  to  n 

SITE  Craw  f  or  3  Pit 

SAMPLE  14  2 

LOCATION 

l+GteE  C  v  c/e  *  l  DEPTH  i?o  y  2 

TECHNICIAN  75.  DATE  z*-&-?9 

Liquid  Limit 

Trial  No- 

i 

2. 

3 

A 

er 

6 

No-  of  Blows 

/  if 

/  6 

1  6“ 

2? 

29 

30 

Container  No- 

v  so 

V  SI 

V  5  2 

V  57 

v  5  sr 

V  5"? 

Wt-  Sample  Wet  +  Tare 

-  1  1  2-HS 

9 1-13 

9  S-SA 

S' 7.  2  2 

Sr  s'  4  / 

STtT-3  9 

Wt- Sample  Dry+Tare 

1 04' 1 0 

%  9  -  9  S 

V2-ST9 

V/.  2  3 

Sfo-xe 

Wt-  Water 

W-3S 

6-72 

S-S9 

3  3 

4  •  i  sr 

4.5/ 

Tare  Container 

Xl- SA 

66  I  3 

7  4-^2 

7  0-9/ 

69-63 

6Y-3ZT 

Wt-  of  Dry  Soil 

2  2-56 

/  X'%  sr 

1  S-l  3 

//•9ST 

ll.6o 

1  2  SO 

Moisture  Content  ijj% 

3  7  -0 

36-5T 

36-9 

36.1 

36-1 

3  6-0 

Average  Values 
<W*^s  -3  6  • 2 


urp- 

'k's  = 

V 
If  * 
If- 


3  a  ■  3~ 


3-7 


Wf-  of  Dry  Soil 


Plastic  Limit 


IrJq-t-NP- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry-Hare 


Wt-  Water 


Tore  Container 


Moisture  Content  % 


2  sr 


>7  3-  27s 


4  l-S  0  7 


1  •  773 


36-030 


3"-4  72 


32-4- 


61-15/ 


5"  9 -Sol 


I-6S0 


SA-ZXl 


S'  I  2o 


32-2 


f3  K 


63-2A6 


60-724- 


2-52  2 


SZ-262 


7-  ^  2. 


3  3-£f 


Shrinkage  Limit 


Trial 


Container  No- 


37 


Wf- Sample  Wet+Tare 


W- 

- N 


-s 


3<o 


-Sli 


:!£ 


t-  Sample  Dry  -PTare 


W.t-.W.flJfeL. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  ■W'% 


Vol-  Container 


«3f 

o 

5 


34 


33 


4 


-1444-- 


Voi-  Dry  Soil  Pat  V« 


Shrinkage  Voi-  V-Vo 


Shrinkage  Limit  Tt/ie 


2*4  = 


(3wr  *  ,0°) 


Description  of  Sample-- 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  F  1-  C  ex  e  7~BflW  Invest ■ 

SITE  Crawford  A3  <7 

SAMPLE  -  2 

LOCATION 

rt&LC  C  v  c  /e  7  T>o\,  A 

TECHNICIAN  75  DATE  n-6  -  r? 

Liquid  Limit 

Trial  No- 

1 

2 

3 

4 

S 

6 

No.  of  Blows 

/  S' 

/  7 

/  7 

2  9 

3  o 

30 

Container  No- 

V 

V  7  3 

7  S'/ 

V  2T4 

V  5"  O 

v  fro 

Wt- Sample  Wet+Tare 

9  3-  V? 

^0-77 

ST  7-  9  7 

9  z-xo 

9  V*  76' 

^k-6/ 

Wt-  Sample  Dry  +Tare 

9  0  •  0  6" 

76. 6  (o 

VA-CO 

%K-0  A 

9  3  -6  2 

-o  / 

Wt-  Water 

3  ■  £4 

A  -  1  2 

3-3  z 

A  .  7  6 

4  -63 

A  -60 

Tare  Container 

%o  -a  z 

6  6 . 2  S' 

76-  /  9 

7  S'  -3  S' 

Sr/.573. 

7  2-00 

Wt-  of  Dry  Soil 

9-63 

/  o  -3  S' 

%-A  1 

?  7-66 

!  7-0  / 

Moisture  Content  'U/% 

3  7?  • 

3^-X 

39-sr 

3  7-6 

3^-3 

-3  S'-  3 

e 
0) 

4-  A  0 
C 

o 
O 


39 


38 


37 


£ 


V 


Average  Values 
<W*^S  3  d-d 


UTp’—lh 
VA,  3  - - - 


V 
If  * 
Its- 


7-  3 


— S“ 
A 


Wt-  of  Dry  Soil 


Plastic  Li  m  i  t 


Ir.ig  i— N  q.: 


Container  No- 


Wt-  Sample  Wet-Hare 


Wt-  Sample  Dry-1- Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3t-C  3/-A 


Z  7 


Az-rrs 


A  /  ■  4  3  Z 


79  3 


3 3-7^ 7 


5~-6  STS' 


8  £ 


G2-4&S 


6,  I-A4  3 


2-04  2 


5*4  •  9^2 


<£•50  / 


3 


B  £ 


6  5-6  06' 


63-033 


2-S7Z 


837  -  74® 


3” 


3i-0 


Shrinkage  Limit 


Trial  No- 


Container  No 


$±3om  P  !.?.  .VM+Tgre 


Wt-  Sample  Dry  -i-Tare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  wJ/t 


Vol -  Container 


Vol-  Dry  Soil  Pat  Vo 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


T*Ss  =  ^ 


(3%r * 10°) 


Description  of  Sample: 


Remarks:  -S  a  rn  i~j  /  e  g  1 1  sten  ce/  w  /  fh 
W  ;  7?  Surface  rn  0  ,  s  to  r  e  l/Pon 


f  h  o  l~r^  f~  i  y 


Q.dd.<:ALjznsL. 


a  «  ^  /.<? y  l<) 


o  r  o  u  ^ 


I  y  ^/s /  q  r  k  e  ct  /o 


get  C.  o  n  s  i  s  Ta  r>j  Rig  i  -/  Qoumf 
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UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  Freeze  ~7~  H  a 

SITE  C.  rntJfor  P  i  1 

SAMPLE  *  2- 

LOCATION 

he&l£  cy  deuiz  i3 

TECHNICIAN  V- 5.  DATE  6-7-179 

Liquid  Limit 

Trial  No- 

l 

2 

3 

4 

S 

6 

No-  of  Blows 

16 

1  7 

/  sr 

3  o 

3  2 

3  Z 

Container  No. 

V  10 

V  6S 

v  6  sr 

V  4  S' 

V  C  9 

V  50 

Wt-  Sample  Wet  +  Tare 

<62-37 

V /•  70 

1 oo -XC 

9  7.  40 

Wt-  Sample  Dry  +  Tare 

bV'&Z 

77-6  6 

9  7-70 

3o- 39 

<62-29 

93-24. 

Wt- Water 

3  -ss 

3 -6A 

3 -CC 

3-99 

4  -69 

4./£ 

Tare  Container 

69-43 

6  7-<6% 

<67-1  3 

6  9-6? 

6  9-4/ 

+  /  •  6'4- 

Wt-  of  Dry  Soil 

9  -39 

9  -  7  8 

10-07 

1  /■  2  0 

l  2-63 

/  1  •  70 

Moisture  Content  "W®/© 

3  7-K 

3  6-2. 

3 

3  6.  C 

3^7 

3  i'-s' 

Average  Values 

36-9 


Plastic  Limit 


Tria  1  No- 

1 

2 

3 

Container  No- 

R  M 

B  U 

/‘v-S 

Wt-  Sample  Wet+Tare 

69  - AGZ 

66-7 13 

T/-  73  2 

Wt-  Sample  Dry+Tare 

6 6 • 754 

6  3-  9^9 

67-377 

Wt-  Water 

3-709 

2-7  54 

3-&57T 

Tare  Container 

33-16  2 

64-741 

3"4  ■  74  7 

Wt-  of  Dry  Soil 

1 1 ■ S9 2 

9-ZiV 

/  3-/  7  S'  | 

Moisture  Content  % 

3  2-1 

29 -9 

29-b 

Shrinkage  Limit 


Trial  No- 


Container  NO' 

Wt- Sample  Wet+Tare 

Wt-  Sample  Dry  +Tare 


ILM&l 


Tare  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  ■W’% 


Container 

Dry  Soil  Pat  V» 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Tt/g 


is  =  C^r- « l0°) 


Description  of  Sample: 


Remarks:  'V  a  sh  ed  L 


i  n  e  I  j> 


C  o  r  r  f  c  /  /  o 


based  on  Q\'er(\qe  o  f 

O  fh  e  r  te  s  1  r  c  5  v  /  ts  , 


7  8  9  10  15  20  25  30  40 

Number  -of  Blows 


L6\1 


UNIVERSITY  of 

ALBERTA 

PROJECT  Fr-eexe  T*  h 

oi-/  Invest. 

SITE  C  r  a  \  f  a  r  cL 

R  It 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  "Z. 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

BOLE  Cycle*  2S 

O&PLH  T^ov  £9 

TECHNICIAN  vs. 

DATE  Z7-7-S9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


I  s 


I  7 


I  7 


3S 


3  s~ 


3  4- 


Container  No. 


V  6 


V  C,  5" 


V  <S  7 


V  7  3 


V  6  (o 


\(  A  Z 


Wt- Sample  Wet  +  Tore 


99 -At 


9o-so 


9  7-  5  S' 


977-09 


IT  9-  2  a' 


Wt-  Sample  Dry  -1-Tare 


9  3-23 


X4-3Z 


%0-Z(o 


X/'SS 


3  'A3 


Wt-  Water 


£•  /  S' 


/  y 


7-  yz 


if  -  0  9 


if -54 


<r-  sr2. 


Tare  Container 


70-17 


6  7-  %'S” 


4  tr-9  / 


U7  3 


07-33 


Wt-  of  Dry  Soil 


l  O  -SS 


I  C-AA 


£  0  -  S'  5” 


/  3  9  S' 


IS-i  Z 


I  0  OS' 


Moisture  Content  *w% 


3  7-4- 


3  7-£ 


3  7.5" 


\ 

( 

3  4  -4 


3  j i  • 


34-7 


Average  Values 
Ur^^L. 


Wps  .-i--y.il. 

t*>s  =  _ — — 


:p  5 

If  * 
If. 


7-9 


Wt-  of  Dry  Soil 


\ 

\ 

Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-fTare 


Wt-  Water 


Tare  Container 


Moisture  Content  %  £9*3 


£  7 


///.y94 


//0-5'QO 


/  *394 


3  a".  74  7 


£  •  7  a' 3 


£  sr 


A  1-9  71 


/Jo  (.49 


I-3  2Z 


30  -030 


A-d9 


ZY'C 


£  7 


44-/94 


A  A  -309 


I  •  %'S'S' 


3  7.  774 


4r  5 


£7-4 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-Sample  Wet+Tare 


Wt-  Sample  Dry  +Tcre 


c 
a> 

-  38 

c 
o 
o 


in  37 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  •W'7o 


Vol  •  Container 


Voi-  Dry  Soil  Pat  Vo 


\ 

:-7 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Vg 


CnT x  ,0°) 


Description  of  Sample; 


> 


36 


35 


tr 


7  8  9  10  15  20  25  30 

Number  of  Blows 


Remarks; 


B  /  o )-/  Count  increased  Os 


JLJL. 


k  e  ci  ■ 


40 


UNIVERSITY  of  ALBERTA 

DEP’T'  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  F~  r  <t  e  t.  c  ~T  h  ow  In  we  it- 

SITE  .  C  i-  aw  f or  cl  R't 

SAMPLE 

LOCATION 

HOLE  Cycle*  27  Vov  3i 

TECHNICIAN  ~rs^.  DATE  2-4-7-^ 

Liquid  Limit 

Trial  No- 

No-  of  Blows 

Container  No- 

Wt-  Sample  Wet  +  Tare 

Wt-  Sample  Dry  +Tare 

Wt-  Wafer 

Tare  Container 

Wt-  of  Dry  Soil 

Moisture  Content  ,\u% 

Average  Values 
'wy: - - 


wp= 

s 


JP  3 

b  • 

if. 


2  g-9 


Tria  1  No- 

l 

2 

3 

Container  No- 

R  P 

R  £ 

Q  L 

Wt-  Sample  Wet+Tare 

o  S'  II  H- 

io  o/9 

2,0-47^ 

Wt-  Sample  Dry +Tare 

SC-^t  T 

SV-460 

S  9  15a 

Wt-  Water 

J  ■  7.  9  7 

l-559> 

1-27% 

Tare  Container 

S2-32C> 

S3  0X7 

54-741 

Wt-  of  Dry  Soil 

A  491 

S3  73 

A  - 409 

Moisture  Content  % 

2V-S 

2?o 

29  o  j 

Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-Samoie  Wet  4-Tare 


c 

a> 

c 

o 

O 


Wt-  Sample  Dry  -+Tare 


■Wt W.fl.teL 


Tare  Container 


Wf-of  Dry  Soil 


Moisture  Content  W7c 


Vol  •  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "U/g 


Description  of  Sample: 


Remarks; 


Rrocedurol  Chrq.k  ~] ~c  s  tl  . 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


•  . 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  r rcc.z<?  ~T~  h /  n  w  <t  st 

SITE  C  r  Q\*j  -f  c  r  d  Pit 

SAMPLE  *  £ 

LOCATION 

HCFEE  Cvc/t  *4$"  DEPTH 

TECHNICIAN  >5  DATE  J5--y-5? 

Liquid  Limit 

Trial  No- 

1 

2 

3 

4 

6f 

No-  of  Blows 

3  s 

3  V 

-34 

/4 

/  9 

1? 

Container  No- 

V  fr5" 

vsz 

V  7/ 

vs/ 

V4  6“ 

V  77 

Wt- Sample  Wet  +  Tare 

loS-Zf 

I03  9Z 

102-0  1 

9/  o/ 

9/  Ofr 

loot/ 

Wt-  Sample  Dry  +Tare 

9  9  -5S 

94  74 

95  24 

fr4  4  7 

fr  4  9  2 

9  33/ 

Wt-  Water 

6-  23 

7-  /  S' 

4  75 

C  -S4 

<2/4 

C  VO 

Tare  Container 

fro  4  2 

74  fr2 

74  4  3 

C  4  /  3 

£  7-  fr  fr 

7430 

Wt-  of  Dry  Soil 

19-14 

2/9* 

2o  4  3 

/  V  34 

17  64- 

1  9ol 

Moisture  Content  *w% 

3  2  6' 

37  7 

32  7 

3  6'  4 

3  4  / 

3  o  X 

Average  Values 

34-  A 


'WV 

'UTf 
TaSs  s 

Ip  5 
If  * 
ItS- 


97  9 


6- S' 


Wt-  of  Dry  Soil 


Plastic  Limit 


Irjg-LJitt: 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


9r 


42-397 


41-0X4 


I  373 


34030 


4  994 


97  S 


2  Z. 


42/5  2. 


4o  7^3 


/  3*9 


36'.  747 


SOU 


7  7  C, 


2  7 


4  3-524 


4  2  242 


/■  244 


3  7  724 


4-435" 


Xsr-  er 


Shrinkage  Limit 


Trial  No- 


Container  No- 


34 


«> 


Wt-Sample  Wet+Tare 


c 

«)  . 

*-36 

c 

o 

o 


4> 
w 
3 

w34 
o 
S 


\ 


Wt-  Sample  Dry  +Tare 


Wt-Watet 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  -W'% 


Vol  •  Container 


V 


Vol-  Dry  Soil  Pat  Vo 


33 


32 


At 


— 


1 


T1 


7  8  9  10  15 

Number  of 


20  25  30 

Blows 


40 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/8 


=  ^  C^-*1 


Description  of  Sample: 


Remarks: 


132 


UNIVERSITY  of 

ALBERTA 

PROJECT  Free  tc 

T "how  Invest 

SITE_ C.  r  Q  w 

-d  P-t 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  **  3 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

ftOLE  Cy  c/e  *  1 

DEPTH 7W * 2 

TECHNICIAN  TTsW 

DATE 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


2  % 


2  Z 


g± 


Z  c 


2JL 


AL. 


Container  No- 


V  3 


V<£ 


V  7 


V  Y 


v  9 


VIQ 


Wt- Sample  Wet+Tare 


%7  3  2 


loo- 9  9 


9  7-24 


^7-lS 


I  OY- 04- 


ZOO-  I  S' 


Wf-  Sample  Dry  -t-Tare 


94 Y  s' 


90^3 


loo  91 


?Z  47 


Wt-  Water 


SJj7 


6  H 


6,  7  / 


6  Q7 


7- z  3 


7  (.Y 


Tare  Container 


.CA-IQ 


76  7  Y 


C  9-tC 


6.1-91 


79 SY 


6?  43 


Wt-  of  Dry  S o i I 


/  7-  3  5" 


1*10 


212  7 


I  Y  IT 


21-33 


72-04 


Moisture  Content 'U/% 


33  Y 


33  Y 


3/  4 


33  4 


3  3  4 


3*3 


Average  Values 
-£1.4. 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tore 


W  t-  of  Dry  Soil 


Plastic  Limit 


IrjCll— NQ,,: 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content  % 


A/on 


Plash  c 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet  +Tare 


Wf  Sample  Dry  -flare 


Wf-Woter 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -ur% 


Vol  -  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


Us  ~  Txr 


<3 


-Vo 


w= 


x  lOO') 


Description  of  Sample; 


Remarks: 


7  8  9  10  15  20  25  30 

Number  of  Blows 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /-  t-vc  ze  Invest- 

SITE  C  rawforf/  R/t 

SAMPLE  w  3 

location 

C  v  c/e  "3  DEPTH  ~p«v  4 

TECHNICIAN  t"w  DATE?7^-j> 

Liquid  Limit 

Trial  No- 

i 

2 

3 

4 

S 

c 

No-  of  Blows 

/  9 

2/ 

2  3 

2  C 

3  o 

3  O 

Container  No- 

V  7/ 

\/77 

\/C  2 

v  xc 

V  S9 

V  sz 

Wt-  Sample  Wet  t  Tare 

97-/6" 

10/  9o 

9f7  oy 

93  3  7 

XX  4 S 

9<£  04 

Wt-  Sample  Dry  +Tare 

9/4o 

9  S  02 

Xi  Si 

STS" 

X  3  40 

90  7Jf 

Wt-  Water 

c  xx 

t  S7 

4  32 

S  OS 

Tare  Container 

74  C3 

7 4  %o 

.  CS-OS 

7iS0 

CX 3? 

'74-3  2 

Wt-  of  Dry  Soil 

lex/ 

2  o-U 

1C  4  c 

1  3  3  S 

IS  O  2 

1  S  9C 

Moisture  Content  '\u% 

34  0 

34  o 

33  ¥ 

3*4 

33-C 

32  1 

Plastic  Limit 


Irlfl-l— ELft: 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


/ 


P~r 


62/179 


CO-4  33 


2-04  6 


53'7/f 


C  7/  y 


30'S' 


R  & 


Co  /AC 


SX  S/C 


I  C30 


S3  39S 


s- 121 


31-fr 


3~r 


CJ  Ai'Z 


Ci-Ca3 


S3  OC  2 


X  S4  I 


3  3-4 


Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt- Sample  Wet+Tare 

Wt  Sample  Dry  +Tare 


WtWqtgr 


Tare  Container 


Wt-of  Dry  Soil 


M oisture  Content  w% 


Vol-  Container 

Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/8 


”1 


Description  of  Sample- 


Remarks- 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


- 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  F~  rceze 

~T'ha\‘-r  Invest 

SITE  C  l~  o  f  0  r  cl 

P  It 

SAMPLE  "  3 

LOCATION 

f$©L£  Cyc/ew/x 

~Dov*i3 

TECHNICIAN  ~7-s.-r 

DATE  6-7-7? 

Liquid  Limit 


Trial  No- 


.5* 


No-  of  Blows 


3  a 


3  3 


2  7 


/  y 


/  9 


2o 


Container  No- 


V  3o 


V  6 


V  7  2 


V  7  3 


V  47 


Vi  / 


Wt-  Sample  WettTare 


9  4-S9 


/  OS-  ST7 


95- i  5 


y  7 


9/oQ 


loe>-S7 


Wt-  Sample  Dry  -t-Tare 


fry-32 


9  fr-74 


%9JU 


fr  2  o2- 


%3  93 


94  3  tr 


Wt-  Water 


Gt~r 


7  /  / 


£  46 


O'-  5  4 


7  07 


<£■2  2 


Tore  Container 


£9  /  3 


76  7  7 


7a  o  o 


64  oo 


7 6  70 


Wt-  of  Dry  Soil 


/  9  /  9 


£  I- 9  X 


/  9  U 


I  s  ■  74 


I  9  93 


/7i5" 


Moisture  Content  "U/yo 


— 

— 

32  7 


3  2  4 


3  3-  / 


3  £  o 


3S~-S~ 


3  s"  -3 


37 


Average  Values 

34-0 


M  3 

Jp  5 
If* 
Its- 


32  4 


/•  4 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trig  L.Nq-. 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content  % 


/ 


BE 


G*  3,0../, 


4/  340 


7-ac  i 


5*4-3  &7 


7  479 


33  0 


er 


5  2  4o/ 


<£o-  09  7 


2-  3«4 


5*3-0  4  2 


7  0  3s' 


32-fr 


5  /  9o  2 


79  m  9 


5*2-057 


7-40  2 


32-0 


Shrinkage  Limit 


Trial  No- 


Container  No- 


34 


Wt  Samole  Wet+Tare 


Wt  Sample  Dry  +Tare 


Wt- Water, 


:£ 


Tare  Container 


c 
a> 

-35 

c 
o 
O 


N 


Wt-  of  Dry  Soil 


Moisture  Content  -ur% 


Vol-  Container 


4> 

W 

3 

«34 
o 
2 


33 


Vol-  Dry  Soil  Pat  Vc 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  T*/g 


-<& 


OwT*  *  l0°) 


Description  of  Sample; 


32 


t 


Remarks: 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


' 


135 


PROJECT  F~ r  ee  •*  c 

7“  hat-/  Invest- 

SITE  Cranford 

Pit 

SAMPLE  *  3 

LOCATION 

WgEE  Cyc/i"  25 

Bge^HT^v  2  9 

TECHNICIAN  7> r 

DATE  7  2-  7-5-9 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


I  7 


/  Y 


l  7 


z  r 


Z  V 


11 


Container  No- 


mxc 


V  7  0 


V  34 


V  9  0 


V  9 


vac 


Wt-  Sample  Wet  t-Tore 


99  4  7 


109-93 


foa-cs 


9  7  7/ 


I  O  C  93 


I/O  2.0 


Wt-  Sample  Dry  -t-Tare 


937  3 


I  o  Z  Z  l 


9  7-o3 


9  '  34 


99  4o 


10  3-44- 


Wt-  Water 


£-24 


70Z 


7-4  2. 


£-5  7 


3 


<£•775 


Tore  Container 


71-50 


S'  2-  /  S' 


75-3  3' 


11  XO 


79  <rv 


13-7/ 


Wt-  of  Dry  Soil 


7  73 


3 


/S'  14 


I  9  32. 


I  9  73 


Moisture  Content  Txr% 


35  2 


31  / 


3  1  2 


3  4-4 


34  4 


34-3 


\ 

Average  Values 

34  1 


'wv 

<A/*P= 

'k's  = 
1P  s 
If  * 
It=- 


3  13 


3-1 


Wt-  of  Dry  Soil 


Plastic  Limit 


Irja.l— Ho.: 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Pry-fTare 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


/ 


77-S 


Co -010 


S'*  C3  0 


I  310 


5 a  94  9 


A  3  XI 


31  5 


S  X 


c  I  -  %4  2. 


Co  Zoo 


I  C4Z 


S4  94  2 


S'  21 3 


3/  2 


B/< 


59  393 


is-sosr 


5S5 


13  26  2. 


6"  04  6 


3  /  4- 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -flare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  <ur% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Tt/g 


m  36 
o 
2 


35 


\ 


No. 


34- 


ft. 


Description  of  Sample; _ 

_ 0  /  O  Co  o  r>  /  Tends  ta _ 

increase  w  <  th  worA/nj? _ 

hd  O  i  S  l~U  r  *"  m  ,  q  /- o  f~e>  s  To  boTTo! 

O  f  50  ^  r>/f  h  «  r\  S’lanc/inj  , 

Remarks; _ 


7  8  9  10  15  *  20  25  30  40 

Number  of  Blows 


136 


PROJECT 

-  <•  e  a  ff  T  h  Q\~<  invest. 

SITE  Ci 

'flu/  f  0  1-  cl 

P.7 

SAMPLE_ 1 

3 

LOCATION 

ttteE  rlr 

47ir 

DEfgBlDov  5-4 

TECHNICIAN 

T-  SV. 

DATE  /A-  S'-  59 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Li  q  uid  Limit 


Trial  No- 


5- 


No-  of  Blows 


// 


/  2 


/  2 


J4 


3  9 


3  T 


Container  No- 


V4  y 


V  74 


v 


vg  S 


V  6”  0 


Wt-  Sample  Wet  +  Tare 


9 1  tr  7 


9  7*2 


/o/-  sr  v 


/oi'3o 


IQ9-C3 


los'S'T 


Wt'  Sample  Dry  +Tare 


fca-  72 


9  o*2 


94 -o  6 


99  o  / 


/o  3  9  o 


9  9  5"  2- 


Wt-  Water 


5-  Sa" 


7  00 


72  2. 


679 


5"  g  3 


60s 


Tare  Container 


-&L&9. 


7 111 


72-00 


?on 


*7/3 


iLI£±. 


Wt-  of  Dry  Soil 


U-  4  3 


y  9-7/ 


^■06 


/V'6'9 


/i-77 


I  7-9  2T 


Moisture  Content  Ta/% 


3v  6 


3 -s'  s' 


333' 


3  3  6 


3  3  7 


Average  Values 

34-  3 


wp= 
'k's  * 

v- 

if  * 
it*. 


3/4. 


2-9 


Plastic  Limit 


IrjgJL- Mff.-. 


Container  No- 


Wt-  Sample  Wef+Tore 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


J9  AC 


61102 


/  -srs-g" 


5~3  2-4  2 


s-9srr 


3  /-o 


p  s 


Z4  / 


6/  S' 3  2 


2-409 


5-4749 


77V3 


3/4 


8T 


6  3  oo4- 


2  54  4 


5"4  94  2 


£  0  6  2. 


3/-5T 


Shrinkage  Limit 


Trial  No- 


Container  No 


Wt-Sample  Wet -flare 


Wt-  Sample  Dry  -f-Tare 


C 

CL> 

*-34 

c 

o 

O 


a> 

W 

3 

(/>  35 

o 

2 


WLWfllfeL. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  'ttr7< 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


{Shrinkage  Vol-  V~Vo 


Shrinkage  Limit  7</g 


7 


M  = ttsr2- ‘  l0°) 


04 


33 


Description  of  Sample: 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


13  4 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  r tec  re  ~Thg u/  Invest 


SITE 


Cl  C  d .  ,.,'P  LL. 


gAMELE- 


LOCATION 


C  V  fl,/f  *  1  ~7?*y  ~  3 


TECHNICIAN  —7-3^.  DATE  3-C-SV 


Liquid  Limit 


Trial  No- 


£ 


No.  of  Blows 


AC 


A  2 


A  3 


2  3 


/  7 


I  9 


Container  No- 


YXA 


YAS. 


vcc 


VS7 


Wt-  Sample  WettTare 


/O  V  37 


9o  &"2. 


92  YZ 


10  Z  oA 


9C  S  T 


/0S"T  7 


Wt-  Sample  Dry  +Tare 


£4  47 


XS-7S 


9*  2  r 


X1YSL 


9s  1  3 


Wt-  Water 


fr  7/ 


7  OV 


7  76, 


7  47 


IQ  4  4- 


Tare  Container 


7s'  s'  o 


6  7  vir 


7^  Jr* 


7o-5)/ 


69-£3 


Wt-  of  D r  y  Soil 


2  /•  /  6 


Jc- 79 


/  9-3  * 


19  AC 


IV-J9 


ZC  SO 


Moisture  Content  ai/% 


Hi  7 


ZCC 


ZCC 


39  9 


39  4 


AO  9 


g 


Average  Values 

JL2JL. 


vl* 

UTp- 

'k's  8 
IP  8 
If  * 
It*. 


3f<i 


C  7 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trig  L-N.p-. 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry 4- Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3  3  7 


I 


a-s  xi 


cz  5~yy 


1  994 


S3  US 


KY7Z 


n  t=> 


C  2  CZl 


Co  363 


2  2C9 


S3  39S 


C-  9CX 


32C  324 


e  ^ 


a  733 


Cl  yoo 


2-9  33 


S4  74  t 


9  OS  7 


Shrinkage  Limit 


Trial  No- 


Container  No- 


40 


Wt- Sample  Wet+Tore 


Wt-  Sample  Dry  -i-Tare 


Mflt.IL. 


* 


Tore  Container 


Wt-of  Dry  Soil  Wc 


c 

a> 

t3’ 

o 

O 


w-3* 


Moisture  Content 


Vol -  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "W ’9 


37 


H  =  ^  C^wT" *  ,0°) 


Description  of  Sample; 


a 


3C 


u 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT  F~ i-cexe  7 ~~  h  Q\./  Invest"- 

SITE  Cranford  P,  i 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  -  4 

SOIL  MECHANICS 

LABORATORY 

location 

ATTERBERG 

LIMITS 

HS4=£  Cycle  '  3  G®mi7)ar  *T 

TECHNICIAN  -7-5 1/  DATE  2 X-C-S9 

Liquid  Limit 


Trial  No- 


No-  of  Blows 


IX. 


3  Z 


3  / 


/C 


I  s' 


14 


Container  No. 


V  10 


V  74 


VSX 


V  70 


VC  s' 


V49 


Wt-  Sample  Wet  t  Tare 


9/  70 


fr$>  S7 


fr9  43 


IOC  O  Z 


V9  2  7 


97  2  4 


Wt-  Sample  Dry  +Tare 


XLXL 


W.-7.3 


%4-ZO 


99 I  3 


?3  /  0 


%C  -  4  0 


Wt-  Water 


C  -  o  C 


f-o  Sf 


3"  4  3 


<4  SS> 


£•/  7 


Tare  Container 


j£-2-^3 


7IH 


C  9  4  3 


*2-  /% 


C7-VK 


<4  9  4/ 


Wt- of  Dry  Soil 


/4  •  2  / 


13  4  Z 


!H-€7 


/S'- 9 -S' 


/tT-  2  2 


/4  99 


Moisture  Content  ,w% 


3  7  4 


3  7  Z 


3  7  3 


4o-6 


4o-;T 


46  4 


r 

5=: 

:S: 

' 

Average  Values 

3  if  -  2. 


<u/ps  3  I  :X. 

=  -  ■ 


Wt-  Sample  Wet-Hare 


V 

If  * 
It*. 


<£'■4 


Wt-  of  Dry  Soil 


Plastic  Limit 


Triql-N.Q.- 


Container  No- 


Wt-  Sample  Dry-t Tore 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3o  3  3  f- 5 


/ 


SX 733 


/•3cr 


5" 3  042 


4  SoC 


BP 


SX  XXX 


S7/SC 


/  7o2 


5"/  7s'4 


S' -4  00 


/?? 


4.6  4o  3 


SX  4  77 


I  974 


cT2  3  24 


6-  /o/ 


32-2 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Al 


Wt- Sample  Wet-i-Tare 


c 

<u 

-*-4o 

c 

o 

o 


« 

3 

w39 

o 

2 


38 


Wt  Sample  Dry  -Hare 


^t  .Water- 


Tore  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  W7c 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  7lT9 


ls,  =  -ur  (_X, 


-V. 


$ 


Wo 


Description  of  Sample: 


5; 


37 


9  10  15  20  25 

Number  of  Blows 


30 


Remarks; 


40 


UNIVERSITY  of 

ALBERTA 

PROJECT  f-  r  c  c  X  e  ~T"  h  a\~/  Jnwcjh 

SITE  Ci  r  q  m  fo  i“  cf  Pi  t 

DEP’T-  of  CIVIL 

ENGINEERING 

sample  *4 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

htOLE  Cvc/f  /*  B£eSO*,/4 

TECHNICIAN  -TW  DATE  7- 7-  3-9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


3  V 


4o 


/r 


/S' 


/  sr 


Container  No- 


V  fr/ 


V  7 


V  ST4 


V6  3 


V  90 


V 


\Vt- Sample  Wet+Tare 


9  7  Y7 


V9  /v 


9  S'  7  7 


9/  /6 


97  9o 


//2  33 


Wt-  Sample  Dry  +  Tare 


9  2  -/4 


S'3-S'sr 


9^  -59 


%a  Co 


9o  $  7 


/o  3  3  7 


Wt-  Water 


3  7  3 


6.  /  y 


<f  3*5 


7  03 


Tare  Container 


1C  /  9 


7s'- 3  S' 


^  7  SO 


77S6 


yo  4  2. 


Wt-  of  Dry  Soil 


/5S>5~ 


/  4  7  Z 


/  7  2  / 


IC-XO 


/V  -0  7 


2  2  ■  ?  5" 


Moisture  Content  'V/% 


3  s'  9 


X- 

==S 

-  - 

— 

— 

— 

33  7 


3  6  S 


39/ 


3  V  9 


39Q 


Average  Values 

3  7  £ 


M 3 

ip 3 
If* 

If. 


2  9  V 


7  y 


Wt-  of  Dry  Soil 


X 

-r 

— 

J — 

-l-i 

-4--- 

Plastic  Limit 


Ir.iq.L-N9.: 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry -t-Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


/ 


R  hf 


Co  3o4~ 


4..YMX 


I  94  C 


5  2  O  5'  7 


£■  3o  / 


3o-9 


62-3/9 


Ca.J  93 


2/20 


33  033 


CCS4 


32  2 


£JL 


S9  4^3 


5  7  S3  9 


I  C44 


52  3  20 


5  5 1  3 


29  V 


Shrinkage  Limit 


Trial  No- 


Container  No- 


39 


Wt-Samole  Wet+Tare 


Wt-  Sample  Dry  -+Tare 


.Wi-Walex. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


c 

a> 

-38 

c 

o 

o 


<u 

w 

3 

«37 

o 

2 


36 


Moisture  Content  •W'% 


Vol-  Container 


\ 


Vol-  Dry  Soil  Pat  Vo 


[Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


ls$  - 


C^wT" *  l0°) 


35- 


Description  of  Sample; 


Remarks; 


i. 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


140 


UNIVERSITY  of 

ALBERTA 

PROJECT  /■  reexe  TA  ai-/  Invest- 

SITE  Cranford  pit 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  ~  4 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HEStgE  C y  c/g  *  ***  DEPTH 

TECHNICIAN  -r-s.-/  DATE  23-7-i? 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


1C 


/  S 


/  6 


3  * 


3  4 


3  3 


Container  No- 


V  yo 


vjl£ 


VfO 


V4y 


v<£  y 


V  74 


Wt-  Sample  Wet  +  Tare 


9c  3  7 


/o  V-CC 


IOC-  4  4 


96-7  7 


1/3  *4 


97  tv 


Wt'  Sample  Dry  -t-Tare 


lo  1-1% 


99 


<39  CC 


lot-94 


9  oy  i 


Wt-  Water 


C  44 


7  4# 


CSV 


7-1/ 


6 9o 


C  VC 


Tore  Container 


7  Z  oo 


Vo  4  z 


%l  S4 


69  29 


37-/3 


7  III 


Wt-  of  Dry  Soil 


17-93 


to  7 Co 


JV  32 


H.0  37 


i  9  V< 


/ 9  7/ 


Moisture  Content  ”u/% 


3£-/ 


34./ 


35*  9 


34  9 


34  % 


3*  V 


Average  Values 
3, 


'WV 

^P= 

It's  = 
Ip  5 
If  * 
Its- 


2  Sr- 9 


6  4 


Plastic  Limit 


Irjq.t  N.Q.: 


Container  No- 


Wt-  Sample  Wett-Tare  59  474 


Wt-  Sample  Dry +Tare  SV 7 73 


Wt-  Water 


Tore  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


/ 


l-3oi 


S3  6  9  3 


H  4  Vo 


29  o 


3  P 


6' 7  33  7 


SC  46V 


/  379 


S/-7SC 


4  7 oZ 


ffH 


S 7  8T34 


SC  S3  7 


I-Zt7 


SZ  06  7 


4-4  ZO 


29  2  %1s-7 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -Hare 


Wt-Water 


Tore  Container 


C 

CD 

-37 

O 

o 


<u 

w 

3 

Z3C 

a 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -urVc 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


4> 


lSs  = 


-Vo 


Wc 


✓ 


x 


Description  of  Sample--  M/nafe  structural 
JZh.Qo.g fi  CCC.y/y  LO £1.7..  SQmnh 


3s 


3a 


JPjir  k  ic.r 

A7.fl/c /?  qj. 

LS f  £. 


.Water  separates  out- 

structural  strength  > 

no/7  plastic  ■  On 


Remarks;.  WorA>/->0  /f  Tends  to _ 

.A'e.ycr.t to LTL-Q-J:  st IX stale. 


■JS1. ljrX.lLa  it  . .  .fo  z<nn<f  CgnTrol 


Sample. 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


■ 


UNIVERSITY  of 

ALBERTA 

PROJECT 

F" i-c-czc  T'Lxcn^/  Invest 

SITE 

C  >-  a  fo<-  J  R3'  t 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE 

*  4 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE 

Cvde'lC  DEPTH 

TECHNICIAN  ~rLx,~/  DATE  24-7 -S9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


Container  No. 


Wt- Sample  Wet+Tore 


Wt-  Sample  Dry  -1-Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  "W0/© 


Average  Values 
'url= - 


'USp-  .  3o_L 

^  - - - 

Ip  =  _ 


If 

It 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trig  I- No- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry fTore 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3o  / 


I 


Br 


S.&.Q12. 


6 Cal 


/  4S6> 


SI  7SC, 


RH 


cry  c/ z 


S  '7/21 


1-491 


S  2  06' 7 


S  0C4 


2  9  4 


RC 


Chto  7 


S9  T.C.4 


/■  7  43 


tf  CZS 


3  i  0 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-Somple  Wet+Tare 


Wt-  Sample  Dry  -flare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content -ur% 


Vo  I  -  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


f 

[Shrinkage  Limit 


J 


4 


H  Q^r-  *  l0°) 


Description  of  Sample: 


Remarks; 


.Ck*S.k  r±jJj  p.xlMl 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY  Of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  S'rce^zc  ~T  h  t>>~/  Invest 

SITE  C  r  Uiv  f o  r  d  Pit 

SAMPLE  ~  4 

LOCATION 

Pvt./e  *  4%  DEPTH 

TECHNICIAN  ~7Tw/  DATE  ! &-  X-  S9 

Liquid  Limit 

Trial  No- 

1 

£ 

3 

4 

S' 

6, 

No-  of  Blows 

/4 

/a 

14 

36 

3  7 

40 

Container  No- 

vsz 

V6  A 

V  36 

V  46 

V 

V  7  3 

Wt- Sample  Wet  +  Tare 

94  A  o 

S*-7o 

%7-SS 

/O  3  90 

94  oo 

%7  99 

Wt-  Sample  Dry  +Tare 

*9  17 

XZ  7& 

<kZ  /o 

9  3  70 

VX  10 

3X 

Wt-  Water 

SZ3 

S  9  * 

S  AS 

S  *o 

S  90 

S6I 

Tare  Container 

74  XZ 

66  43 

6  7  04 

fr3-7/ 

7/  /£ 

66  IX 

Wt-  of  Dry  Soil 

14-3  6" 

16  3  S 

JSQC 

14  99 

16  94 

16  10 

Moisture  Content  tj/% 

C5  6  ■  5 

36  3 

36  3 

34  Sf 

34  % 

34  9 

Irj.q.1— Na 


Wt-  Woter 


Plastic  Limit 


Container  No- 


Wt-  Sample  Wet+Tore 


6/67  9 


Wt-  Sample  Dry tTore 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


I 


QC 


60  0*4- 


!  6SS 


S4  3fr/ 


S  64  3 


£9  3 


<£/  737 


39  S>Q3 


/ 


S3  <13  9 


1  X64 


f/M 


6  2  Z70 


6o/79 


Z  o9f 


S3  I6Z 


1  Ol  7 


£9  3  ^9  y 


Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt-Samole  WetH-Tare 

Wt-  Sample  Dry  -flare 


Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  w*/ c 


Container 


Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


.Shrinkage  Limit  <Wg 


*s  =  ^  *  l0°) 


Description  of  Sample; 


Remarks; 


PROJECT 

A  /-  c  e  x  ff  7""  A»  a 

Invct  t- 

SITE 

.Cr  f  ore/  F3'  t 

SAMPLE 

*  jT 

LOCATION 

BSEE_ Cvc/e  W1_ DEPTH 

TECHNICIAN  jf.s  DATE 

2C- C-  S9 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


:T 


No-  of  Blows 


/  4 


/  S 


I  6" 


3  2. 


3  3 


3  s 


Container  No. 


vs-  9 


vsr 


Y.fa... 


v  9o 


3ULL 


V  %4 


Wt-  Sample  WetfTare 


fr  7-^/0 


fro  4  7 


9s*  7  3 


¥9  64 


9o  8T7 


ft?  ya 


Wt-  Sample  Dry  +Tare 


Sr/ -*7 


7  c  S  o 


9  l-C  3 


ft4  fro 


ft4  73 


fry  7? 


Wt-  Water 


■/  7 


4-IO 


4  ■  74 


4  14 


A  0  3 


Tare  Container 


^  3y 


AC -13 


5lL£*. 


71  to 


7C  /  9 


7  s'  •  3  £ 


Wt-  of  Dry  Soil 


13  49 


la  J  7 


/6  0  9 


/  2.-60 


I  O  64 


!o  4  / 


Moisture  Content  ta/0/© 


Ml 


All 


Ao-C 


3  9 


39  3 


3  %  7 


Average  Values 
3  3  6~ 


'WV 

Wps 

'k's  = 

Ip  = 

If  * 

If. 


4-3 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry iTare 


Wt-  of  Dry  Soil 


Container  No- 


Pi  a  s  t  i  c  Limit 


Trig  I  No-. 


Container  No- 


Wt-  Wafer 


Tare  Container 


Moisture  Content  %  3  2  ft 


/ 


S/9 


t£o-9  7S' 


trvc 9C  3*94  / 9  59  ^yy 


1-3  7  9 


S/-7SC 


6-940 


B  K 


d  47  7 


/?  o  s'  r 


3"3  2.6  2 


C  IS  7 


3  3  4 


/7-S- 


SA  24  9 


S  439 


34  3 


Shrinkage  Limit 


Trial  No 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  +Tare 


c 

0) 

*~A  ( 
c 
o 
o 


«> 

W 

3 

«4o 


V 


5 


.Wl-WfllfeL. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -ur% 


Vol-  Container 


Vol-  Dry  S o il  Pat  Vc 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Ve 


\ 


39 


38 


-Vo 


Wo 


Description  of  Sample: 


203 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


144 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /r“'-e.«jrc  ~7~hOby  Invest. 

SITE  Qro^ford  Pit 

SAMPLE  *■  s-  . 

LOCATION 

FF$E£  Cvc/e*3  DEPTH 

TECHNICIAN  J>.  s  DATE  2*-c-s3 

Liquid  Limit 

Trial  No- 

1 

2 

3 

4 

s 

C. 

No.  of  Blows 

3o 

2  7 

2  Sf 

IS 

/  s 

/  7 

Container  No- 

V  7  7 

V  71 

VJ-2 

V  S'tS 

va 

75"? 

Wt*  Sample  Wet  t  Tare 

9o  // 

9/48' 

%9  s/ 

9/6  7 

7<S  CX 

79  9o 

Wt-  Sample  Dry  +Tare 

*6  IS 

SC  C  9 

ZS-3X 

SC-9Z 

7 4  69 

less 

Wt-  Water 

<4  3  3 

4  79 

4  /  3 

A  IS 

3  99 

3  is 

Tare  Container 

7-4  Sro 

74  43 

74  *2 

IS  SO 

4;  s'-  05" 

3S 

Wt-  of  Dry  Soil 

/o  9  S 

/  Z  -  0<Z 

/O  S' 6 

II- 4  Z 

9  44 

17 

Moisture  Content  14% 

3  9  4 

3  97 

39  Z 

A  IS 

4/4 

A  10 

Average  Values 

39? 


Wp= 

ItA  =  — _ 


Ip  = 
if  * 
i*=. 


A  -4 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tare 


Plastic  Limit 


I  ria  L.Nq-. 


Container  No- 


as  y/  z.. 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  3C  o  3  3“/ 


/ 


iJL 


43 9£9 


7  9*9 


/?  /=> 


3  7-  747 


<£  4-  0  /  3 


3'  779 


33  <7  30  ^73  -3?7 


/O  623 


77 


A  9  7,19 


AS-7  73\ 


3-SSC 


3  v  74  7 


/O  03  / 


3  s>'  4- 


Shrinkage  Limit 


Trial  No- 


Container  No 


Wt-Sompie  Wet-HTare 


c 

a> 

wU 

c 

o 

O 


o 

w 

3 

«/>4  I 


Wt-  Sample  Dry  -hTarc 


Wt- Water 


Tore  Container 


Wt-  of  Dry  Soil  Wc 


Moisture  Content  -ur% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  'u/j 


vs  =  ^  0*^-  *  ,0°) 


\ 


Description  of  Sample; 


40 


3 ? 


-7  ■>- 


O 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


PROJECT 

F~r  <?  e  i  c  ~T~  h  a  \+-/  Invest 

SITE 

Cranford  Pit 

.SAMPLE 

~  $ 

LOCATION 

t£Q£E 

Cvr/c  ^  /*  DEPTH 

UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


TECHNICIAN  7?j 


DATE  7-  7-  * 9 


Liquid  Limit 


Trial  No 

Blows 
Container 
Wt-  Sample  Wet  t  Tare 
Wt-  Sample  Dry  +Tore 

Wt-  Water 

Tare 

Wt-  of 
Moisture 


9y  03 

9 4_££_ 

3-oy 

37/3 

7 

39-4 


Iriq-L- N-Qj 


Wt-  Water 


JLL 

V  5~  0 

9  3  7§r 

A-GK 

XIS4 

I  2  24- 

3y^ 


3o 

V<S  9 

79 

4  0  I 
69-4/ 

10  4  7 
3Y3 


3  ^ 

v/o 

77  44 

A-9G 
69  43 

/  3  -0  5" 


Plastic  Limit 


Container  No- 


Wt-  Sample  Wet-Hare 


Wt-  Sample  Dry-tTare 


Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  3  3-4  3  g  7 


/ 


£ 


47  7/  4 


4  s'- do  JL 


3  31  /  0 


36-oiq 


9-6-9  2, 


ax 


63067 


40  437 


%-A*.0 


523a 


7  3  9  s' 


4s'  3  Sr  / 


42-934 


2-44  7 


3s  4  7o 


7-X5-4 


33  7 


Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tore 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  <nr7c 


Container 

Vol-  Dry  Soil  Pat  Vo 

Shrinkage  Vol»  V~Vo 


Shrinkage  Limit  “u/g 


**  ■  ^  C-^WT"  *  ,0°) 


Description  of  Sample; 


Remarks; 


UNIVERSITY  of 

ALBERTA 

PROJECT 

A  r  c  <?  ■ z  <r  “7“  7  aiv  Invest' 

SITE 

C  r  Q)^j  for  J  Pit 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE 

*  S 

SOIL  MECHANICS 

LABORATORY 

location 

ATTERBERG 

LIMITS 

pKEUfE 

Cv  e  /c  *  25  DEPTH 

TECHNICIAN  '  ~?s  DATE  23-7-5? 

I  Trial  No- 


Liquid  Limit 


No-  of  Blows 


JLZ, 


/  s 


/  3 


2  v 


3  3 


3  Z 


Container  No. 


WSZ 


V5~/ 


v<;r 


V  75 


V  T  7 


V  3 


Wt- Sample  WettTare 


?4  94 


92-tf  S' 


?/  03 


/03  ZZ 


93  7/ 


V5-rr 


Wt-  Sample  Dry  +Tare 


V9-26 


ytr-oy 


S77  49 


9  7  Cl 


79-9Z 


Wt-  Water 


o-cy 


iso 


6>S4 


Sd 


S~  I  X 


S  9  4. 


Tore  Container 


7^  5* 


4:4 ./  3 


S7  ?y 


^78: 


74-8/0 


4"4  /O 


Wt-  of  Dry  Soil 


I  A  A  A 


ns-9s 


tea 


/4  53 


13-73 


IS  KZ 


Moisture  Content -w% 


39-4 


39-6 


39  4 


3  7  5 


3  7-  S' 


3  7  7 


Average  Values 


Wp5 
Vs  = 
Ip  *■ 
if  * 
its- 


34  I 


4-/ 


Container  No- 


Wt-  Sample  Wet+Tarfe 


Wf-  Sample  Dry-t- Tore 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  %  .34-5  34  s' 


/ 


5* 


5fr  ooV 


54-759 


/-  2/9 


53  242 


3-5*7 


/?r 


59  0/9 


57-455 


/  34  / 


53  7/5 


3  94  3 


7  V 


60  217 


55  74  5 


/  -  44 9 


54  43/ 


4  -337 


33-4 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wf-  Sample  Dry  4-Tare 


m Wq..te.r. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


c 

a> 

-£40 

o 

o 


4) 

W 

3 

539 


Moisture  Content  -w% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


5E 


Shrinkage  Vol-  V-Vo 


V 


3? 


S 


-S\  V 


37 


7  8  9 


10  15 

Number  of 


20  25 

Blows 


"V* 


Shrinkage  Limit  V| 


M  C^wT2-  *  ,0°) 


Description  of  Sample; 


K 


Remarks; 

f  r  e  e  k  e  fhai- 


IV  aTfr  rfi-aifU  Ou/  o/^ 


^  a  I  e  leg 


IJ. - 


rr->  a  Terial  firm  Cj  r\  cl  t~  e  /  p  //  ./■  r  /v 

O'/- V 


30 


40 


■ 


UNIVERSITY  of 

ALBERTA 

PROJECT  S'rcsj.c.  ~T.ha\~/'  Invest 

SITE  Cranford  P't 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  * 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

tt&L£  Cr/*  -  ^6  DEPTH 

TECHNICIAN  ~PS  DATE  /  7.  -gr-  a-? 

Li  quid  Limit 


Trial  No- 


No.  of  Blows 


1A. 


/  6- 


/s 


3  7 


3  7 


4  2. 


Container  No- 


V7  £ 


V  7 


V42 


XI 


Y6  7 


v  fry 


Wt-  Sample  Wet  t  Tare 


9  3-3* 


9o-srx 


9  7-9.fr 


1 0 1  ■ 


9os  o 


/O  2  47 


Wt-  Sample  Dry  TTare 


S' 


^5-46 


96  £4 


Wt-  Water 


X1Z- 


6  •  y  2 


6  9  fr 


5'  7  if 


6  ■  y  3 


Tare  Container 


7o  0  o 


6  9/6 


,6,7.;.3  & . 


7  9-6y 


6  9  4/ 


7  74  J 


Wt-  of  Dry  Soil 


/6  96 


/S'- 9  s 


IV-QV 


/s'-9o 


/S'-  3  S 


ns-*-/ 


Moisture  Content'll/0/® 


3  7  V 


37  9 


3  7-  fr 


3  7  6 


3  7  s" 


3  7.  s' 


Plastic  Limit 


IrJqJ— Jig- 


Container  No- 


Wt-  Sample  WeHTore 


5  9-  9  /  S' 


Wt-  Sample  Pry-fTare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  32 •  y 


/ 


a/7 


5 7  ?OQ 


7  o  is 


SI  754 


6-  /44 


/7V- 


69  730 


I  1(,0 


64  43/ 


6-299 


332 


/?  a 


59  479 


SS-Q9S 


/  5W 


63  3  95 


4  703 


3  3  6 


Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt-Samole  Wet+Tare 


Wt-  Sample  Dry  9-Tare 


fl.t-.Wg  tec., 


Tare  Container 


Wf-of  Dry  Soil  Wo 


Moisture  Content  ^70 


Vol-  Container 

Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  V« 


2^9  = 


Gwr"  *  l0°) 


Description  of  Sample- 


Remarks: 


148 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /-/--<?  s  z.  c  T^A)  a\R  /nvtff 

SITE  .  CfQs^fard  Pit- 

SAMPLE  ^  £ 

LOCATION 

ft&as  Cy  c/e  *  X  ft&PT*  3 

TECHNICIAN  DATE  7S-C-S9 

Liquid  Limit 

Trial  No* 

1 

Z 

3 

A 

S' 

c. 

No.  of  Blows 

u, 

3  s' 

3  7 

A  o 

1  7 

/  ^ 

Container  No. 

V  7 

v  9 

V  /o 

V  3 

V  4 

V  S' 

Wt-  Sample  Wet+Tare 

.m  io 

99  3  7 

16  7  9  7 

76  66 

96  46 

o? 

Wt-  Sample  Dry  +  Tare 

9?oi 

9  3  -Vo 

%  2  7  3 

7  2  96 

9 6  66 

77/9 

Wt-  Water 

So  9 

S  S? 

S'  7A 

3  70 

S  So 

S  9o 

Tare  Container 

6,9/6 

79  SX 

S9-/3 

£A  10 

16  78 

6  2  9/ 

Wt-of  Dry  Soil 

/  2  XS 

13  30 

16  ■  X6 

/  3  1C  16 

l/JZX 

Moisture  Content  ,u/% 

39  6 

39-3 

39  A 

Jh  7 

/ns 

/ha 

-- 

■ 

Average  Values 

4  06 


'wy- 

'U/p- 

M  = 

:P  = 

If  * 
Its- 


..  J  SAL 


±JL 


Wt-  of  Dry  Soil 


Container  NO' 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry -I- Tare  5  7 6  7  3 


Moisture  Content  % 


Plastic  Limit 


Trial  No- 


Wt-  Wafer 


Tare  Container 


/ 


fly 


S9SX4 


/  ?/  / 


S 2  326 


S' 347 


3  5'^ 


£ 


R  f'l 


6,2  QoS 


S9  6X7 


l  Zt% 


Si  162 


6  S  2  6 


3  /■  S 


4)  C 


a.  /  m 


S9-/9  0 


/  99/ 


Sl-691 


S-79  7 


76  2. 


Shrinkage  Limit 


Trial  Mo- 


Container  No- 


Wt- Sample  Wet-HTare 


Wt- 


Wt-WatgL 


Tare  Container 


C 

a> 

•£42. 

o 
o 


4) 

w 

3 

»4  I 

o 

S 


Wt-of  Dry  Soil  Wo 


Moisture  Content  w% 


Vo|.  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  W9 


40 


39 


S 


G^T- *  ,0°) 


Description  of  Sample: 


Remarks:  Sample _ buq.hly _ C..£iz>  e-n.  .&g/_ 

Qnd  dry. 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


' 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  r  <?  e  x.  c  ~7~~ H  0 ■-/  Invest 

SITE  C  ir  a\-f  f o  i'  c(  P>t 

SAMPLE  <t.  . 

LOCATION 

t+OfeE  Cyfi/e  *  3 

TECHNICIAN  ~ 7— s.-r  DATE  ZsT-C -3-9 

Liquid  Limit 

Trial  No* 

1 

2 

3 

H 

s 

6 

No-  of  Blows 

JO 

1  X 

/  s" 

3  0 

3  2. 

7,0 

Container  No- 

v  9o 

,  V72 

V  ^3 

3  66 

V/J  2 

MAS’ 

Wt- Sample  Wet+Tare 

9v-/v 

97  63 

33  27 

33  72 

96  93 

Wt-  Sample  Dry  +Tare 

9  0-69 

3  9-7S 

966  3  9 

3?  XS 

3X  37 

33  73 

Wt-  Water 

7-X? 

7  93 

6  o  3 

6  ■  0  X 

6 •  3  6 

7  Xo 

Tare  Container 

7  l  VO 

7o-00 

7/  /£ 

66  A  3 

67  IX 

6  9  69 

Wt-  of  Dry  Soil 

IV-09 

19-73' 

/S' *3 

/b-  S'* 

16  4  9 

19-09 

Moisture  Content  Tt/% 

Ho  3 

Ho  / 

3 

3  &  b 

3  7  3 

3  77 

Average  Values 


Plastic  Limit 


lLi.CI.LJla: 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry-t Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


/ 


ff  r 


60  %o<4 


S6L1 K1 


CHI  3 


SC  3 


PH 


S3  163 


S6-6o3 


l-SHS 


6<Zo6  7 


H  -SSI 


3H-6 


g)-y 


M-Xi  / 


6,1  111 


2  6X0 


SH  71H 


6  977 


SC-/ 


Shrinkage  Limit 


Trial  No- 

Container  No- 


Wt-Somole  Wet+Tare 

Wt-  Sample  Dry  +Tare 


m- .Water. 


Tare  Container 


fwt  •of  Dry  Soil 


Moisture  Content  -w% 

Vol*  Container 

Voi-  Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/j| 


h  =  Q^r-  *  l0°) 


Description  of  Sample: 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT  r  c  <s  z  c  ~J~'H  a  Invest' 

SITE  C  r  o,\~/ 7q  t- d  F3  it 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  *  4 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

R4MC  Cyc/e  “  12.  7a v  M 

TECHNICIAN —t^a  DATE  7-7-5-? 

Liquid  Limit 


Trial  No- 


£ 


No.  of  Blows 


JLZ. 


3  S 


3  7 


Container  No- 


v  £  z 


V  7/ 


V  7  7 


V7d 


Wt-  Sample  Wet  +Tare 


ft  ft-  7? 


9  7  7  9 


/6  2// 


)Ol  90 


.IAS. .7.3. 


9ft  73 


Wt-  Sample  Dry  -More 


9  iso 


9  A- 9 3 


9?  A? 


9/  9<t 


Wt-  Water 


-V3 


■^Lf. 


7  /ft 


s-ir 


7  /4 


4  7? 


Tare  Container 


S3  o  S' 


1H-C3 


7  S3  0 


74  ft  0 


ft  *•/  ft 


7*  ft* 


Wt-  of  Dry  Soil 


/7-$/ 


/6-S7 


I  9  -73 


«2l>  -42 


/7-  -7/ 


171  2 


Moisture  Content  *w% 


$= 

N 

— 

3  7  t 


37  3 


3  7  0 


AH 


410 


4o  9S 


Average  Values 
W,=  3%  2. 


'U/pV 

s 

!P  = 
If  * 
It5- 


3-o 


Wt-  of  Dry  Soil 


r~ 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry-f Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


/ 


V/? 


Co  2  o  o 


5~ft 63  ft 


I  SC2 


SA'i 3  / 


>47o7 


3  77 


5  uy 


39  9  27 


5%  377 


/  3af£> 


SA-739 


3-  ft43 


3a-  / 


SV  9  24 


S7  4H! 


I 


S3  19  S 


A- OHd 


347 


PlQslit 


Limit 


Trial  No- 


Container  No 


sr 


sr 


4/ 


Wt-Samole  Wet+Tare 


40  47/ 


Co.  oil 


Wt-  Sample  Dry  -flare 


S-9  73i 


SX  2CA 


$ 


A 


.Wl-WfllfiT-. 


/■4  34 


I  767 


1 7Vy  ■ 


Tare  Container 


SH^HX 


S30C2 


c 

a> 

-40 

c 

o 

o 


V 

w 

3 

w  39 
o 
2 


38 


Wt-  of  Dry  Soil 


4  793 


S./9  2 


Moisture  Content  mt% 


33-4 


3  3  2T 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  W8 


V 


*s = ^  c-y2-  *  ,o°) 


Description  of  Sample: 


v 


37 


\ 


M 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT  t  r- *  <t  -X.C  7"  h  o^/  Invest- 

SITE  C  ra^for  J p;t 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  * 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

TWHE  Cy  c/e*  *sT  feBiSN 

TECHNICIAN  -7-W.  DATE  Z2-7Z-S9 

Liquid  Limit 


Trial  No- 


No-  of  Blows 


%  S 


’  7.  a 


3  l 


3  Z 


7 


Container  No- 


V  A  7 


Vi  7 


V  W 


\/6  2. 


Wt-  Sample  Wet  +  Tare 


9SZT 


96-96 


/O  2- 10 


97  47 


117-61 


Wt-  Sample  Dry  -t-Tare 


79  97 


95  /  V 


ms 


10775% 


Wt-  Water 


5-  7* 


1  o  I 


%  04 


7  06 


7  97. 


9  76 


Tare  Container 


66-oo 


6*- 9/ 


66-4Z 


7  4-60 


£iT-  Os' 


117/ 


Wt-  of  Dry  Soil 


16  9  7 


/  9  3S 


A*  4  9 


19-64 


J9-60 


A4  !4 


Moisture  Content  mj°/s> 


36  l 


36  Z 


3  s'-  V 


36  9 


4  b  6 


A  0  -6 


>16 


Average  Values 

36  Z 


'VJV 

'UTp- 
9lT%  s 
Ip  = 

If  * 
Its- 


Jj-L 


£■4- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tore 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content  %  34  3 


/ 


BT 


6b  01  4 


*%■%*  I 


I-  7V3 


St  O  6  2. 


6169 


P  F> 


6b  QoS’ 


S*  32  l 


1-6*4 


SI US' 


4-926 


34  Z 


QC 


S9  9b  y 


371 


64-  1*1 


4 iS4 


33-0 


Shrinkage  Limit 


Trial  No- 


Container  No- 


39 


Wt- Sample  Wet -t-Tare 


Wt-  Sample  Dry  -t-Tare 


Tare  Container 


c 
0) 
-38 
c 
o 
o 


«> 

w 

3 

w37 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  -w% 


Vol -  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  TU’t 


Description  of  Sample; 


3C 


3s 


Remarks; 


9  10  15  20  25  30 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT  A  nreze  T/iflw'  fnycit 

SITE  firai-r.ford  P'Lt 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  T  <£  . 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

PH3L€  Cycle  DEPTH  . 

TECHNICIAN  '  \p  S  DATE  /7-  &-S7 

Liq 


uid  Limit 


Trial  No- 


No.  of  Blows 


16 


16 


Ho 


3  s 


4  o 


Container  No- 


Vi'o 


V4*. 


VS-7 


V  Kd 


V  C  7 


V  7)  7 
S-7  iO 


Wt-  Sample  Wet  t  Tare 


/ay-  S? 


<1?  96. 


96  67 


97  /W 


qi-JO 


Wt-  Sample  Dry  -t-Tore 


/o  /■  // 


^9  69 


9  /•  3  o 


b'/oo 


Wt-  Water 


7  7/ 


7/2- 


^■32. 


Tare  Container 


7® -9/ 


76  so 


£*■9/ 


6^  oo 


Wt-  of  Dry  Soil 


Hjf.7. 


<2o-^0 


Js  S' 0 


/£■  97 


17  06 


Moisture  Content  "u/% 


3V-  2. 


3  s'-  2. 


3  7  9 


3  <2  9 


3  7-1 


3*2 


Average  Values 

3  7-4 


^ts 

'U/p= 

^  s. 
Ip  • 
If* 
Ifs- 


?-9 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry -t- Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


I.rj.q.l N.9.: 


Container  No- 


Wt-  Water 


Tore  Container  S3  oV7 


i 


FfS 


SC  -V  30 


^•475- 


3/- 7 


5  7 


So/ 


Sl-7tS 


3-7/2 


3  V-o 


5"  S' 


SA7..1A 


O'VZ  o 


5~2-326 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet  4-Tare 


Wt-  Sample  Dry  +Tare 


wt.-WflifeL. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


« 

o 

2 


Moisture  Content  -ur% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


2 /,s^ 


C-^wr- x  l0°) 


Description  of  Sample: 


38 


I* 


:s: 


Remarks: 


:5i: 


37 


7  8  9  10  15  20  25  30  ©  40 

Number  of  Blows 


152 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /  r  ee -Z  e~7" h  ai»s  Jnyesf 

SITE  Crcti^/ford  P’/t 

SAMPLE  ^  7 

LOCATION 

mm  Cvc/c  ~  i  ogpwi  j?ay  ** 

TECHNICIAN  /*,-/.  DATE  2S-C-S9 

Liquid  Limit 

Trial  No* 

/ 

2 

3 

A 

S" 

c 

No-  of  Blows 

23 

21 

ZA 

27 

3/ 

3o 

Container  No- 

V64 

V66 

V67 

V  £  s" 

VV6 

V6  3 

Wt-  Sample  Wet  +Tare 

K9  01 

9 131 

9  z  nr 

9o  21 

923  o 

XV-lZ 

Wt-  Sample  Dry  +Tare 

<kl  S7 

%4%Z 

%6-SO 

KlKH 

V7-6"o 

V  2  3S 

Wt-  Water 

6-4if 

- . 7  so 

6  7  S' 

6  37 

4Ko 

S'  7  7 

Tare  Container 

66  Vo 

CC4S 

67-9/ 

6  7 KK 

76-6o 

6  7.  VO 

Wt-  of  Dry  Soil 

/S'-  7  7 

IK-19 

16  5  9 

IS  -9  6 

12-00 

14  s<r 

Moisture  Content  tjj% 

Po-9 

46  8 

4o-6 

3  9  9 

46  0 

39  7 

Plastic  Limit 


Id  flJ— lift: 


Container  No* 


Wt*  Sample  Wet+Tore 


Wt-  Sample  Dry -1-Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


/ 


P~T 


64  3  33 


6/-  737 


6,1  I 


Z  ?96 


Si  ■  7/ if 


Moisture  Content  %  32-3  3  2  9  3  2-4 


PS 


6a 013 


7  4  7.1 


SA1A9 


7JS7 


/?  P 


67A2C, 


7  917 


S'  33  9s' 


9oi/ 


Shrinkage  Limit 


Trial  No- 

Container  No 

t-Somole  Wet+Tare 

Wt-  Sample  Dry  -t-Tcre 


Wt -Water 


Tare  Container 


Wt-  of  Dry  Soil  Wc 


Moisture  Content  w% 

Vol*  Container  V 

Vol*  Dry  Soii  Pat  Vo 

Shrinkage  Vol*  V-Vo 


Shrinkage  Limit 


Gwr- x  ,0°) 


Description  of  Sample; 


Remarks; 


8  9  10  15  20  25  30 

Number  of  Blows 


153 


154 


UNIVERSITY  of 

ALBERTA 

PROJECT  A  ree  x.c  ~Tha\*,/  Invest 

SITE  Cro^ford  Pit- 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  *V7 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

&6££  Cvc/r  ."  3  DEPTH 

TECHNICIAN  - 7-s-A  DATE  f>7-C*S9 

Li  q  u id  Limit 


Trial  No- 


No.  of  Blows 


IS 


!C 


IS 


3o 


3  X 


3  / 


Container  No. 


V  74 


VSV 


VCS 


V /O 


VC9 


V  70 


Wt-  Sample  Wet  t Tore 


9H-S7 


29  64 


9d  13 


9o-Z  3 


29-C4 


IOC -9 7 


Wt-  Sample  Dry  -t-Tare 


JL 111. 


24-2S 


23-84 


99-38 


Wt-  Water 


7-0  6 


S-2Q 


7-o9 


Tore  Container 


7 /•  /  / 


<£9  63 


^7  S'  Sr 


£9-43 


<^9  HI 


lux 


Wt-of  Dry  Soil 


/  3  £o 


IS-S9 


mil 


14-43 


/  7  70 


Moisture  Content  Ti/% 


43  0 


4*-7 


4Z- 7 


46-4 


46-4 


40  I 


\~ 

S 

Average  Values 

4/1 


^p= 

M s 

!p  = 

If  8 
Ifs- 


11 V 


2-3 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


Container  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3  3  6 


/ 


B\*J 


Cl  cu 


<Cc>  Csc 


I- 9CC 


SH-  714 


£  911 


BC 


C3  246 


6!  /  cC 


2-134 


&L2&1. 


C  71C 


31-7 


PS 


do  234 


S9  2o9 


I  .as 


£4-249 


4-9C0 


3  2-7 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


Wt  Water 


Tare  Container 


C 

0) 

-43 

c 

o 

O 


4> 

w 

3 

V>41 

o 


Wt-  of  Dry  Soil  Wo 


$ 


Moisture  Content  -w'% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


-Vo 


V 


41 


A  o 


s 


Description  of  Sample; 


Remarks; 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT  F' nr?  IT"  h  q  w  Invest- 

SITE  (Z  r  o  \-/  fa r  4  Pit 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE  *  1 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

PTOTtL  0  y  c  le  **  /  2  tAfc  P  TH  j  3 

TECHNICIAN  ~Ts^  DATE  6>~7-s9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


2JL 


JJ- 


JJL 


/  7 


>  7 


Container  No- 


V  7  / 


V  70 


V  7  7 


VSZ 


V6Z 


V  XC, 


Wt-  Sample  Wet  tTore 


9?-4* 


104-43 


loi-  44 


97  64 


9 1-47 


104  S' / 


Wt-  Sample  Dry  -f  Tare 


9*  37 


93  57 


9o  8  7 


83  <12. 


96'- 9/ 


Wt-  Wpter 


5"74 


.4;  34. 


7-64 


£77 


7  8  s" 


8  to 


Tare  Container 


14  6  3 


74  XQ 


74  -XZ 


6  5  ■  0  5' 


7s'  S"o 


Wt-  of  Dry  Soil 


/  a-  7/ 


/s-  89 


/  9-0/ 


!6  ■  o  5" 


/8  3"7 


2o  4! 


Moisture  Content  “11/% 


AVo->V 


/yo./ 


4o-Z 


4  2-Z 


42  3 


^27 


Averoge  Values 

4o-X 


UTps 
toC  = 


*P  = 

If  * 
It  = 


%-h 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry  tTare 


Wt-  of  Dry  Soil 


Plastic  Limit 


J.ria.L-N  9- 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content %  3  3-/  33-  -2 


/ 


A>\/ 


6o  767 


59  2*9 


I  £3% 


S4-43/ 


4-798 


SI 


63  ZX! 


6/-X  79 


%  10  7 


S4-94Z 


6-337 


P? 


61-  104 


58 976 


Z  IZX 


£'2-3  26 


6- 6  So 


32  0 


Shrinkage  Limit 


Trial  No 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  +Tare 


C 

a> 

-A3 

c 

o 

o 


■Wi-.W.fllgJL 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  -ua % 


Vol-  Container 


V 


-t 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


jShrinkage  Limit  'Wg 


/d! 


$ 


:::: 


5 


k 


xJo 


lss~*ur  QL 


-Vo 


Wo 


Description  of  Sample; 


Remarks: 


9  10  15  20  25  30 

Number  of  Blows 


I 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT 

h  r  c  e  x<s 

"7~J  A  o  w  /  nvcst- 

SITE 

C.  r  a  i~/  7o 

rd  Pit 

SAMPLE 

*  7 

LOCATION 

ffSLE_ C 

vc/c  *  2  ^ 

DEPTHS,  2? 

TECHNICIAN  — r* .v 

DATE  22-7-5? 

Liquid  Limit 


Trial  NO- 


4, 


No-  of  Blows 


3o 


3  o 


3/ 


I  S 


/  Sr 


<± 


Container  No- 


V  5~Q 


VZS 


V  7/ 


V  XO 


VS/ 


V-V;f 


Wt-  Sample  Wet  tTare 


JQ3  IX 


Hi  q 


/O!  OZ 


93 -sz 


/or  ft  7 


Wt-  Sample  Dry  -t-Tore 


9  7- *9 


96- 6b 


92/9 


92  H! 


ZL-H  H 


9 /•  96 


Wt-  Water 


6-S  7 


CL  S3 


7  ol 


V -a 


9-3/ 


Tore  Container 

Wt-  of  Dry  Soil 


%f-S4 


“t/o  H  Z 


7H-63 


7Zoo 


66/3 


69-69 


/4  -  3  sT 


16-  73 


/7  S6> 


to -9  / 


19  2  1 


ZVZ7 


Moisture  Content  vj% 


HQ  ■  7 


Ho-z 


Hoo 


Hi  Z 


H)-  fr 


H /■  7 


Average  Values 

4o  9 


«^p= 

Ip  3 

If*. 

Its- 


J.Ll. 


9* 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Ory-t- Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3o  -ft 


/ 


B  ~r 


6~6  Vo  7 


Sf-Q  2S  SC -9 60 


O-XXl 


S3  06  2. 


2 


F>  ET 


SK-179 


/-  Z/9 


5  3-0*71 


3-  X72 


3i  S 


Bh 


S±7MJ 


SX  SSS 


)■  /  76 


S4-  77/ 


2-k/JL 


ILL 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -f  Tare 


Wt.Wo te.r 


Q> 

o 

O 


*Al 

o 

2 


Al 


T  are  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  MU' *7 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  ~Ws 


t 


5 


S 


/to 


■ 


^ 


Description  of  Sample-- 


Remarks; 
C o  /or 


_ JLa-m-fz.l  g _ l.i.yJxTcj: _ iJ2- _ 

7Vb<?r> if./*  o  r>  o' 'g-g £LZ1 


.5-A/rua.Zg — f-aL. 


Li-r?-.fLeJh 


plash'*.  TcuTor? 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY 

A  1  RCDTA 

PROJECT /-"re r  g  g  - 

~Tha^ 

//ii/itjA 

SITE 

C.  r  A  w r 

cl  Rlt 

DEPT  of  CIVIL 

ENGINEERING 

SAMPLE  *  7 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTCDDCDr* 

t  IMITC 

:v  c/e 

DEPTH 

TECHNICIAN  ~p.  $ 

DATE  /&-  sr-  2f? 

Liquid  Limit 

Trial  No- 

/ 

2 

3 

P 

5" 

£ 

No-  of  Blows 

9 

// 

/o 

3  3 

3  2. 

3  / 

Container  No- 

V73 

V  £ 

V  7 

VS7 

V  72 

VP  2 

Wt-Sample  WetfTare 

Vs-%c 

9  7  SS 

VS -3  9 

9i-2l 

92-CO 

VSr/4 

Wt-  Sample  Dry  +Tare 

79  7 2 

9o 

HO-CV 

%S'3o 

VC  60 

VZ-o9 

Wt-  Water 

CM 

CPC 

szs 

S  9/ 

CCO 

Co  3 

Tare  Container 

7 C  79S 

cq-/c 

7o  9/ 

7o  oo 

<£  7  ?y 

Wt-  of  Dry  Soil 

1  3  PH 

IP  /  / 

HP* 

IP  39 

1C  oo 

IP  7! 

Moisture  Content  -ur% 

PS-C 

PSfS 

PS-K 

Pll 

PI  3 

P/0 

AC 


Average  Values 

yjj 

zvc 


wp= 

M  = 

IpV 

\  * 

I»=. 


I  !  i' 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-t- Tare 


Wt-  of  Pry  Soil 


Plastic  Limit 


Ir.iq  L-N.q.: 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


I 


PV 


CS  0  7% 


C  2  C9C 


S±pi i 


Vi US 


P ? 


61  390 


S9  369 


7-OZI 


SZ  3  1C 


1-OP3 


% 


BP 


Co-9%C 


€%  %9C 


Z-Q9o 


SI  7  SC 


7  /HZ 


Shrinkage  Limit 


Trial  No- 


Container  No- 


AS 


Wt-Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


MMolSI- 


c 

a> 

+-M 

c 

o 

O 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 


Vol-  Container 


N 


Vol-  Dry  Soil  Pat  Vo 


E 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/s 


43 


\ 


\ 


41 


V 


x 


A\ 


:A|: 

-tsS- 


H  CAsr-  *  l00> 


Description  of  Sample-- 


Remarks: 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


. 


UNIVERSITY  of  ALBERTA 
DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT  r'ree-zto-r 

■/hoi-/  Invest 

SITE  Cranford 

P<t  

SAMPLE  *  8 

LOCATION 

t$6££  Cyc.UT'l 

DEPTH 

TECHNICIAN  J>  s 

DATE  2S-6.-S9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


2/ 


2  / 


2o 


3  M 


3  3 


3  3 


Container  No- 


VMS 


VM6 


V*  7 


v  a  y 


v  v/ 


Wt-  Sample  Wet  +Tare 


^2-  3<£ 


x  %1-MO 


101 


7 tr-  74 


%2  40 


<64  S3 


Wt-  Sample  Dry  +Tare 


7S  o3 


-o  3 


96  Co 


7m  S? 


1*6  71 


V-./3 


Wt-  Water 


4-3  3 


5 -2a 


A  /  7 


3 .4?-. 


3  MO 


Tare  Container 


6  7-  3  S' 


4? 


^■7/ 


(I  M  O  O 


jZI-LL 


72  A7 


Wt-  of  Dry  Soil 


J  0  £S 


6  34 


12  69 


Jo  S9 


9  42 


%  66, 


Moisture  Content'll/0/© 


A  o  C 


A  o  6 


31- A 


39  Z 


39  7 


Average  Values 

Ao- 1 

.32:7,. 


V"s  = 

Ip5 
If  * 
Ifs- 


7  4 


Trial  No- 

/ 

7 

3 

Container  No- 

77 

Bu 

BI 

Wt-  Sample  Wet+Tore 

A3  330 

Co  S3? 

£*'■2.39 

Wt-  Sample  Dry+Tare 

Ml  ASS 

S9  nS 

62  693 

Wt-  Water 

I-V7Z 

IMAM 

2  SMC 

Tare  Container 

36-  7 M  7 

SA-7MI 

S4  9M2 

Wt-  of  Dry  Soil 

S'-  7// 

A’  37  9 

IIS!  | 

Moisture  Content  % 

32-6 

,  3  2  £ 

1 

\ 

) 

Trial  No 


Shrinkage  Limit 


Container  No 


Wt- Sample  Wet -flare 


Wt-  Sample  Dry  -t-Tare 


c 

<U 

*- 

c 

o 

o 


3 

1)41 


Wt- Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  w% 


Vol-  Container 


Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  0*7% 


\ 


W 


40 


39 


*s  -  ^  « l0°) 


^1 


Description  of  Sample: 


Remarks;, 
£~r  /.<?■/■ 


t  !-  r  or  in  w 


^7  )«■/  A-  O  7 


2. 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


■■ 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  V-  r  e  (?  x  e  Invest 

SITE  Cranford  P  4 

sample  *  © 

location 

SOS  Cvc/e  w  3  DEPTH 

TECHNICIAN  “p-S.  DATE  Z7-C-69 

Liquid  Limit 

Trial  No- 

I 

% 

3 

4 

5" 

No-  of  Blows 

J  3 

)  7 

// 

3  o 

3o 

34 

Container  No. 

V  S'  3 

V  72 

VC3 

V  4  Z 

V9o 

Vi'/ 

Wt- Sample  Wet  +  Tare 

9o 

%  2  04 

K2  Co 

Zl-ol 

%7  04- 

7  7-  Z9 

Wt-  Sample  Dry  +  Tare 

$0-07 

7 34o 

7  Jr-// 

7V S3 

KISH 

7  H  O') 

Wt-  Water 

.  3-S3 

3  64 

4  49 

44V 

4/o 

3-20 

Tare  Container 

7 i-J6 

7o-o  o 

6,1  ro 

6  7-3  y 

72  sro 

CC/3 

Wt-  of  Dry  Soil 

S'  9/ 

Z-46 

/0  ■  3  / 

IIIS 

10/4 

7  96 

Moisture  Content  '\u% 

Aio 

A1  Z 

41-6 

4o  -2. 

A  0  4 

Ao-X 

Average  Values 

41  o 


Trial  No- 

/ 

7 

3 

Container  No- 

AT 

Bk 

P  V' 

Wt-  Sample  Wet+Tare 

Cl  030 

C2-Z96 

S9  9  76 

Wt-  Sample  Dry+Tare 

S9-OS9 

Co  0/4 

5XTX3I 

Wt-  Water 

%  OZI 

1-337 

Tare  Container 

S3  U  Z 

Slltz 

64  41 1 

Wt-  of  Dry  Soil 

6397 

63SZ 

H  tSl 

Moisture  Content  % 

34-3 

3  3-3 

33  3 

Shrinkage  Limit 


Trial  No- 

Container  No- 

Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry  4-Tore 


»l£L 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  ■w'% 


Vo!  ■  Container 

Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  T*/g 


C^wT- x  l0°) 


Description  of  Sample: 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /-  re<?  ze  ~Th  a  Invest 

SITE  .  Cranford  Pit 

SAMPLE  "8 

LOCATION 

m&Z  Cyc/f  *  /  *  DEPTH 

TECHNICIAN  Us.  DATE  6-1-69 

Liquid  Limit 

Trial  No- 

l 

Z 

3 

4 

5" 

6 

Mo.  of  Blows 

UL . 

1  2 

/  3 

36 

35 

3  r 

Container  No. 

Vd3 

V  24 

V  9a 

V  %A 

V  *S" 

Vtrsr 

Wt-  Sample  Wet  t  Tare 

XX  6o 

9/36 

XX  2o 

%7  -90 

9  4  67 

X4  19 

Wt-  Sample  Dry  +  Tare 

7X  0  X 

.  S3-5W 

34  2  Z 

O 

Vj 

■o 

<3~~ 

Xo-ZX 

Wt-  Water 

H  6Z 

4-H 

4  6  9 

3  6% 

4/7 

4-4/ 

Tare  Container 

77-90 

7  7  X0 

7s'-3  2 

Xo  4  2 

6  9  6  2 

Wt-  of  Dry  Soil 

1  0  ZX 

9-36' 

JO  - 7/ 

3X4 

/o-o  X 

/6  7  s" 

Moisture  Content  <w% 

MM-o 

41  9 

41-  X 

4/  7 

4/4 

4!  0 

Average  Values 

-4  *  A 


'Ujy 

M  = 

V 
If  8 
Its- 


JAA. 


2-  t 


Wt-  Sample  Wet+Tore 


Plastic  Limit 


Ir  j  q  L  N q. 


Confainer  No- 


Wt-  Sample  Dry-tTore 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  % 


L 


R  T 


63  Xo6 


6/27.0 


?  3X6 


63  1/  6 


7-Sotr 


3  4  6 


2  7. 


2 17 •  6/  7 


AA-67  7 


Z  9  9  0 


36- 14  7 


2-7*0 


34-  / 


A7  61  A 


AA  66  9 


A±££ 


36  03 o 


X 6S  9 


34  Z 


Shrinkage  Limit 


Trial  No- 


Container  No- 


c 

a> 

-  AA 
c 
o 
O 


«> 

w 

Z> 

w  43 
o 
2 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -PTare 


WtW.a.t.g L 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  'W'% 


Vol-  Container 


V 


Vol-  Dry  Soil  Pat  Vo 


$ 


V 


- 


s 


At 


Al 


Shrinkage  Vol-  V-Vo 


% 


v\*)  - 


Shrinkage  Limit  IQ’s 


Description  of  Sample: 


I 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


Remarks; 


160 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT 

F~ t-  e  c  -x.  e  ~T~ha\ -/  /nvcit 

SITE 

C  r  a\~/  fo  rc/ 

P  It 

SAMPLE 

*  8 

LOCATION 

■  »  in> 

C v  c/e  **  ZS 

DEPTH 

TECHNICIAN  ~ps 

DATE  %*-  7-S9 

Liquid  Limit 


Trial  No- 


A 


No-  of  Blows 


/A 


I  A 


I  4 


3  / 


3  i 


3y 


Container  No. 


VA  V 


w/ 


V4  s 


V  7 


V  7  Z 


VC! 


Wt-  Sample  Wet  +  Tare 


V9  Si 


9*'  C  9 


%7  St 


9oo4 


%9  4/ 


9d  SO 


Wt-  Sample  Dry  -Hare 


l±l£ 


%9-Sl 


$7  •/* 


%Z-7V 


S'  %  Co 


9o  7d 


Wt-  Water 


^■36 


d/7 


6/4 


6,  Id 


S  31 


d  04. 


Tare  Container 


d9  Z9 


Id-/  9 


d  7  Yo 


d  9  Id 


7o  oo 


7&-70 


Wt-  of  Dry  Soil 


n  sd 


/Z  35 


13  33 


/A  0  X 


/Z  do 


//rod 


Moisture  Content 'W% 


AS-  9 


Ad  Z 


x  - 

3: 

- 

— 

AS-  9 


A  X  K 


AX  7 


A  3-o 


Average  Values 

AA  0 


wp- 

'k's  8 

Ip  5 

*  *■ 
it=. 


33  9 


10  1 


Plastic  Limit 


Ir.iq.,l-NP: 


Container  No- 


Wt-  Sample  Wef+Tore 


Wt-  Sample  Dry TTare 


Wt-  Water 


Tare  Container 


jWt-  of  Dry  Soil 


Moisture  Content  %  3 A  9 


/ 


J 


Al  YXo 


Ao  Z 30  Al-ZQd 


I  S90 


3SdS0 


A  SSO 


44  4 oS 


7  Q99 


3d-o  to 


d  Z9d 


33  4 


A3  SlO 


A I  AIS 


?  09  7 


3S  /  90 


d ■  Z2  X 


3d  d 


Shrinkage  Limit 


Trial  No- 


Container  No- 


46 


A 


$ 


c 

a> 

AS 

C 

o 

O 


Wt-Somple  Wet-t-Tare 


Wt-  Sample  Dry  -flare 


mmiM. 


Tare Container 


jWt- of  Dry  Soil  Wo 


Moisture  Content  -wr  %! 


Vol-  Container  V 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-V> 


Shrinkage  Limit  77s 


4* 


43 


Description  of  Sample: 


42 


O 


Remarks; 


0  9  10  15  20  25  30 

Number  of  Blows 


40 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  !-  t-  <-  e  x  e  ~Tha\*/  Invest 

SITE  Cmwforc/  P* .  / 

SAMPLE  *  a 

LOCATION 

HOLE  Cycle  *  4  fr  DEPTH 

TECHNICIAN  DATE  /s-V  *? 

Liquid  Limit 

Trial  No- 

1 

% 

3 

4 

S 

6 

No-  of  Blows 

14 

16 

/  4 

7  * 

1  0 

3  2. 

Container  No. 

V  9  0 

V6I 

V£/ 

V  9 

V  *4 

7  69 

Wt-  Sample  Wet  +Tare 

9  3  9  Z 

96S  0 

97  £0 

I03  9o 

97  30 

90  34 

Wt-  Sample  Dry  +Tare 

£73/ 

£  9  61 

9/oo 

96  SI 

9  0-63 

84  00 

Wt-  Water 

6-6/ 

6 *1 

6  Sfo 

7  39 

6  6  7 

4  34 

Tare  Container 

7  £  VO 

16  70 

76/9 

7  9  SX 

7i-3£ 

69  4/ 

Wt-of  Dry  Soil 

IASI 

11-91 

/A.frl 

16  93 

16  SIS 

14  S? 

Moisture  Content  *0/% 

AS  S 

ASS 

AS  9 

43  6 

43  7 

43  S 

Average  Values 

441 


*V 

U/pV 

3 

!p  3 

If  * 
Its- 


,?4  7 


9-4 


Wt-  of  Dry  Soil 


Plastic  Limit 


lr.ia.l-NQ.: 


Container  No- 


Wt-  Sample  Wet-Hare 


Wt-  Sample  Dry-t-Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  %  J5~  2  *30  o 


/ 


4*  094 


46  1*4 


1-9/7 


S4-  74/ 


S’-  44  3 


P  C 


61  344 


2-4  /  3 


S3  639 


£707 


P  7- 


63X3! 


6c>  £04 


?  4X7 


S3  US 


7  0*9 


34 '3 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wf-Sample  Wet+Tare 


Wf-  Sample  Dry  +Tare 


Wl W-flt£L 


Tare  Container 


c 

a> 

4C 

c 

o 

o 


<s>44 
o 
S 


7 


Wt-of  Dry  Soil  Wc 


■«> 


3 


h 


Moisture  Content 


Vo  I  •  Container  V 


V oL  Dry  S 0 il  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


\ 


IS,  = 


C^wr" x  ,003 


5: 


Description  of  Sample; 


4* 


43 


V 


vlo 


Remarks; 


F3 /  a  s  ti'c  U  1  m  i  t  ~7~  rial 


a  s  s  V  rry  g>  cl  I  I 


Crror. 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


MMnMMRwp-nni 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  F" rfeze  Thmv  Invert- 

SITE  C.  r  Q  \-/ f a  r  cl  Pit 

SAMPLE  *  9 

LOCATION 

KOLS  Cycle  '1  DEPTH  Dav  2 

TECHNICIAN  ~j-. */  DATE  ?s'-k-  3-? 

Liquid  Limit 

Trial  No- 

/ 

2 

3 

4 

No-  of  Blows 

28 

2  9 

/  7 

/  7 

Container  No- 

VC  9 

V7  0 

V  7/ 

Wt-  Sample  Wet+Tare 

/  os  60 

91  S2 

/02 OC 

loo  2% 

Wt-  Sample  Dry  +Tare 

/oof  9 

Sr  s'  SI 

96-jtC 

93  0  Z 

Wt-  Water 

6-  oi 

Co  / 

6'  CCr 

7  2£ 

Tare  Container 

97  /  3 

C  ?  J/ 

92- 13 

74-^3 

Wt-  of  Dry  Soil 

1  3-46 

IC/o 

/4-Vf 

19-39 

Moisture  Content  *ur% 

3  7  2 

3  7  3 

39  2 

39  <r 

N-  P 


Average  Values 

^  3  7-y 

<^p5 
8 

Ip8 

m  * 

it=. 


Wt-  Sample  Wef+Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Dry+Tore 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


No  n 


P/asTic 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-Samole  Wet+Tare 


Wt-  Sample  Dry  -i-Tare 


.Wl.W.Qler 


Tare  Container 


c 

<u 

-AO 

c 

o 

o 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -wr% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Ve 


W 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


39 


is 


38 


S 


V 


37 


(\ 


m  =  C^x,0°) 


Description  of  Sample; 


Remarks; 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


UNIVERSITY  of 

ALBERTA 

PROJECT 

h  r  c  e  -x  c  ~T  h  Inwest 

SITE 

C  r  a\-j  f or  d  Pit 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE 

*  9 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

C^rJe  *  3  DEPTH  A>«v  4 

TECHNICIAN  —TS*-/.  DATE  77-6-S9 

Liquid  Limit 


Trial  No- 


S 


No-  of  Blows 


3! 


3  / 


3  2. 


/  S 


/  S 


Container  No. 


V  4  fC 


VC  7 


V  XV 


V  CX 


V7y 


VS  7 


Wt-  Sample  Wet  t  Tore 


9<  cx 


VC  9S 


9  9  c8 


/  OX/4 


!03  C  2 


93-30 


Wt-  Sample  Dry  -1-Tare 


VS  3  3 


XI  V3 


93  3  9 


/o  /  97 


97  s/ 


XC  74 


Wt-  Water 


6  - 3  S’ 


S  12 


C-  19 


Cl  7 


C// 


c  sc 


Tare  Container 

Wt-  of  Dry  Soil 


C9  9? 


Cv-9! 


7  7./J3 


?7  13 


X2 


7% 


7o  9/ 


(C- 04 


12-9  9. 


IS  9  Q 


14  X4 


14 


7  3 


IS  X 3 


Moisture  Content  *0/% 


39  C 


3  9 -C 


39  4 


41  -6 


M 


S 


414 


Average  Values 

Ao -i 


/CJp= 
lVs  = 

IP  = 
If  * 
If=- 


37  X 


?-3 


Container  No- 


Wt-  Sample  WettTore 


Wt-  Sam  pie  Dry -f  Tore 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content %  3XS  37  6 


Trial  No 


Plastic  Limit 


Irj.qJ-JiSL 


Wt-  Water 


/ 


BR 


S9  3X0 


S  7-317 


2-063 


SI  7SC 


5  3d 


62-44/ 


S9-CV2 


2 759 


52  3  2C 


7  3  SC, 


2X 


43  2X7 


A!  2X3 


19  74 


3C-0  30 


S-2S3 


37-5' 


Shrinkage  Limit 


Container  No 


Wt-Samole  Wet-fTare 


Wt-  Sample  Dry  -f Tare 


Wt- Water 


<D 

c 
o 
O 


V 

w 

3 

V>A\ 


Tore  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -ur7o 


Vol-  Container 


Vol*  Dry  Soil  Pat  Vo 


A  o 


39 


yd 


A. 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  7a/s 


M  *  'Ur 


rxzY o_x  i0Q\ 
V  Wo  * 


Description  of  Sample-- 


7  8  9  10  15  20  25 

Number  of  Blows 


30 


40 


Remarks; 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  7'  f.f  X  «  7 "ha^f  Invest 

SITE  C  r q  \~<  f 0  r  d  F* ,i 

SAMPLE  *  9 

LOCATION 

HOLE  Cv  c/e  0  /  Z  DEPTH  T?*y/z 

TECHNICIAN  -7 —5,./  DATE  6-  7-S9 

Liquid  Limit 

Trial  No- 

I 

2. 

3 

4 

S' 

<6 

No-  of  Blows 

J  Z 

/  3 

l  3 

Z  9 

3  0 

3  7 

Container  No. 

V  S'o 

V  3 

VA/ 

V// 

v/z 

Wt- Sample  Wet+Tare 

YY 9/ 

7  7  SC, 

7s-  Xo 

SS  4  2 

*7  CS 

YZ  X4 

Wt-  Sample  Dry  +Tare 

S3- 7  3 

7  4/0 

7 Z  ZS 

Yl  6S 

<64  S3 

79  23 

Wt-  Water 

5  IS 

3  AC 

3  6% 

3  74 

3-1  Z 

3d 

Tare  Container 

7  Z  00 

.  6,6-  1  3 

4,4/6 

7 Z  46 

76  3  9 

7o  AZ 

Wt-  of  Dry  Soil 

//•  7  3 

7  9  7 

Sr- /fir 

9  zz 

7  -64 

Y  3/ 

Moisture  Content  uj°/n 

AA-Z 

A  3  4 

O 

46  6 

40  r 

Ao  9 

Plastic  Limit 


Ir.iq.l— N  <?.: 


Container  No- 


iWt-  Sample  WettTore 


Wt-  Sample  Dry  tTare 


Wt-  Water 


Tare  Container 


Wt-  of  Pry  Soil 


Moisture  Content  % 


/ 


I 


az-zci 


4°  S/4 


1-7*7 


3S CKO 


A-%Z4 


36  Z 


R  C. 


$7  749 


SC  7 Z7 


/■o  zz 


53  C39 


3-033 


34  O 


re: 


Cl  VIC 


CaJJJL 


ULH 


SZ  0*7 


7  nz 


36  4- 


Plo  sTic 


Limit 


Trial  No- 

Container  No- 

rWL.gagmig_W.etH:Jar_e. 

,Wt-  Sample  Dry  -PTore 


W.f:..W.q.teL 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content 

Container 

Dry  Soil  Pat  Vo 

Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  'UJ’t 


Z  7 
A7?Z0 

AS-  IS  I 


Z  769 


37  7Z4 


S3-Z6Z 


7  4  27 


3  7-3 


3  K 
S9  7 4  6 

57  939 


I-  1S7 


4  717 


37  Z 


is,  =  C^wr2"  * 1 


Description  of  Sample: 


Remarks: 


7  8  9  10  15  20  25  30 

Number  of  Blows 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  /■  r  c- e  x  e  ~7"  h  a  Invest 

SITE  C  /'  Qw/o  r  c/  R<t 

SAMPLE  *  9 

LOCATION 

HOLE  Crc/<-"*5  DEPTH 

TECHNICIAN'  7>.s  DATE  22-<7-=r? 

Liquid  Limit 

Trial  No* 

/ 

2. 

3 

4 

5 

6 

No.  of  Blows 

14 

.  14 

16 

2  9 

3  X 

3  1 

Container  No. 

V  3 

V  5  7 

V 

V6  £ 

V  5  S' 

V  74 

Wt-  Sample  Wet  +  Tare 

9o-x  9 

£4  65 

9  7  7/ 

/ov-so 

£  9  50 

97  74 

Wt-  Sample  Dry  -t-Tare 

&4  7/ 

79  57 

9/39 

lo  7  o5 

^353 

%S  90 

Wt-  Water 

c-i  sr 

50%' 

5-3  2 

CAS 

5  9  7 

5-  34- 

Tare  Container 

7 116 

.  a  ssr 

77-43 

V  7  /  3 

69  63 

7/  // 

Wt-  of  Dry  Soil 

/3-55 

II  19 

13-96 

/4  9  X 

1  l  9o 

l/J-79 

Moisture  Content  \i/% 

Jhr-c, 

45  5 

4  4  6 

4  Z-Z 

430 

4  7  9 

Average  Values 

4  S  6 


M5 

* 

JP  5 

if  * 
it  = 


Container  No- 


56  y 


5  5 


Wt-  Sample  WettTore 


Wt-  Sample  Ory+Tare 


Wt-  of  Dry  Soil 


Moisture  Content  % 


Plastic  Limit 


Trial  No- 


Wt-  Water 


Tore  Container 


/ 


RT 


64  03  7 


7  749 


53  7/5 


7573 


36  3 


3  o 


AA  6  17 


7-3 


454  2  5 


4  701  S  A  2- 91% 


7-007. 


36  5/3 


S  So  Z 


36  4 


7  to  7 


36  794 


6  6  74 


375 


Shrinkage  Limit 


Trial  No- 


Container  No- 


46 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -PTare 


« 


Wt  Water 


C 

a> 

-43" 

c 

o 

O 


<u 

W 

3 

V>  44 


5 


s 


X 


* 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  <4 r% 


Vo  I  -  Container 


Vol-  Dry  Soil  Pat  Vo 


o 


Shrinkage  Vol-  V-Vo 


S 


Shrinkage  Limit  W8 


V 


2i4  =  -W- 


C^wr* x  ,00> 


Description  of  Sample; 


\ 


43 


4* 


1 


Remarks; 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  h  /-<?<?  %  <?  T"  ha  i~/  Invest 

SITE  C  r  a  \~j  -f a  r  d  Pit 

SAMPLE  *  9 

LOCATION 

mec  Cvc/e  "  IS  DEPTH 

TECHNICIAN  ~7~ st  — /  DATE  Z7-7-S9 

Liquid  Limit 

Trial  No* 

• 

No-  of  Blows 

Container  No. 

Wt- Sample  Wet  +  Tare 

Wt-  Sample  Dry  +Tare 

Wt-  Water 

Tare  Container 

Wt-  of  Dry  Soil 

Moisture  Content  3jj% 

Average  Values 
^1= - — 


M  3 

JP  s 

If* 

If- 


3  7./ 


Container  No- 


Wt-  Sample  Wet-Hare 


Wt-  Sample  Dry-t Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


-TrJal.-N.9- 


5{r-y74  S7-XS7 


Wt-  Water 


Tare  Container 


Moisture  Content  %  37  P 


I 


pv 


C6-S3X 


J U± 


SA  A  3  / 


A'AAZ 


P  AT 


S9Coo 


1-743 


S3  /CZ  ST7S6, 


A -CIS 


3  7-  z  3c 


BR 


S%  Z os' 


SC-4  7! 


I  734 


A -US 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet  +  Tare 


Wt-  Sample  Dry  -PTore 


mmizL. 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content 


Vol-  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  '^J‘% 


lss  =  ‘Ur  QL 


-Vo 


Wo 


Description  of  Sample: 


Remarks:  Routine  check 


1 


£  <r  /L/  e  <•  n  opera  tors _ aJ2 _ 

plasTi’e  lir^Lt  t£*j  P  rof.f Ah. £5. 1 

. 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


w/. 


3  7/ 


X  UO 


UNIVERSITY  of 

ALBERTA 

PROJECT 

.  F7-  cere  ~~T h  <*>~s 

SITE 

Cra^forcl  Pit 

DEP’T-  of  CIVIL 

ENGINEERING 

SAMPLE 

19 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

’ ATTERBERG 

LIMITS 

Cycle  *4*  DEPTH 

TECHNICIAN  ~p s  DATE  /£-  $f-  s*9 

Liquid  Limit 


Trial  No- 


£ 


No.  of  Blows 


1L 


IS 


IS 


30 


33 


35- 


Container  No- 


V7Q 


V  30 


V  XC 


V45" 


V4  7 


V  £  7 


Wt- Sample  Wet  +  Tore 


/OQ-  19 


9/9-9! 


94 Ko 


9/0/ 


gy  /3 


97  92 


Wt-  Sample  Dry  -t-Tare 


94  24 


13-os 


UAL 


MIA 


2M1 


y/  99 


Wt-  Water 


S  94 


C  ZL 


All 


C  ■  7  / 


CL  S 


S~?9 


Tore  Container 


M  7  ? 


■75  so 


C  9  C9 


64-QO 


C  S  9/ 


Wt-  of  Dry  Soil 


/  3-o6 


/3-»f 


12  ■»/ 


/  4  / 


14-42 


I  3  02 


Moisture  Content  TiZZo 


49-2 


44  4 


4r  .9 


4r  9 


50 


Average  Values 

-wy -._£TJ_ 


urf-A±A 


Wt-  Sample  Wet+Tore 


Ip  = 

h  * 

If. 


fr-o 


Wt-  of  Dry  Soil 


Plastic  Limit 


Iriq.l— N.P: 


Container  No- 


Wt-  Sample  Dry-t-Tare 


Wt-  Water 


Tore  Container 


Moisture  Content  % 


1 


8  A. 


CS-IXO 


6%:.UL 


2-909 


SA- 74/ 


7-4  70 


3  9-7 


PT 


CS  4 Z9 


62  132 


3-2.9/ 


S3-7/S 


V-4Z3 


2  9/ 


PV 


62  713 


S9  Vi 8 


1%9S 


SZ-Z2C 


7  A92 


2K-C 


Shrinkage  Limit 


Trial  No- 


Container  No- 


49 


Wt- Sample  Wet+Tare 


Wt-  Sample  Dry  -Hare 


c 

a> 

*-/0 

c 

o 

O 


v 

w 

wA? 


5 


Tare  Container 


Wt-  of  Dry  Soil 


M oisture  Content 


5 


Vol-  Container 


$ 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Wg 


$ 


\ 


5 


v 


AC 


6> 


f. 


L 


45 


(1AL 

v  Wo 


Description  of  Sample; 


Remarks; 


7  8  9 


10  15 

Number  of 


20  25  30 

Blows 


40 


' 


PROJECT 

A  /-  <?  g  ye 

~7~  h  a  i~/  ln\/nf  ■ 

SITE 

Craw/ort/  Pit 

SAMPLE 

*  10 

location 

HOLE 

Cycle  *  1 

DEPTH 

TECHNICIAN 

DATE  Z6-6-S9 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


4 


C 


No.  of  Blows 


Z  X 


Zs" 


Z  3 


I  9 


I  7 


Container  No- 


Vd  7 


VXX 


V  7  z. 


V  XZ 


V<£  3 


V77 


Wt-  Sample  Wet  t  Tare 


9x  srs 


Jo4  -34 


I  0  3  2.4 


96-4  2 


94-3  f 


in  /d 


Wt  Sample  Dry  TTare 


?o  if 


96  4  6 


9  3-Af 


XX  79 


yens 


lo  i-zx 


Wt-  Water 


ft -73 


1-J4 


9- 79 


7  6  3 


170 


It-  7  Sr 


Tare  Container 


a?/ 


77-43 


76-66 


11  1  6 


67  &0 


74  ffo 


Wt-  of  Dry  Soil 


21-  7-4 


1*97 


23  4S 


17  63 


IX- 7  s' 


ZA-SX' 


Moisture  Content  *w% 


Ait 


A  I  X 


A  l-  7 


A3-2 


Ain 


4  4-4 


Average  Values 

A2  Z 


V*rx- 

Wp= 

= 

V 
if  * 
it*. 


33  I 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry TTore 


9/ 


Wt-  of  Dry  Soil 


Plastic  Limit 


IrJ.qJ NLsb 


Container  No- 


Wt-  Water 


Tore  Container 


Moisture  Content  %,  3  7  6 


I 


Bl 


1-937 


S4  9a  2 


S-  94! 


C  1  4S7 


66-A4  7 


Z-oio 


S4  3X1 


6  06  6 


B  u/ 


C  21  3  I 


6 0  7-30 


I-XSI 


SA  734 


6-  64  6 


3  3  2  33  4 


Shrinkage  Limit 


Trial  No- 


Container  No- 


A6 


Wt-Sample  Wet+Tcre 


c 

tt) 

-*-44 

c 

o 

O 


« 

W 

=3 

u>43 

o 

£ 


Al 


% 


Wt-  Sample  Dry  -Hare 


Wl Wfli£L. 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  mf 7< 


Vol  •  Container 


HiShnnkage  Vol-  V-Vo 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Limit 


V5  =  -w  GwT" *  ,0°) 


«► 


Al 


V 


8  9  10  15 

Number 


P 


20  25  30 

of  Blows 


Description  of  Sample: 


Remarks: 


S 


40 


■ 


??  jtr 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


PROJECT 

S' r  c  e  t  <?  ~j~~  h  Q'~v 

Invest 

SITE 

C.  r  a  \^/  -f 0  r  d  P  / 1 

SAMPLE 

**  10 

LOCATION 

t-mir 

C  V  c/e  *  3  DEPTH 

TECHNICIAN  STi~'.  DATE 

7  V-  4  -  S'  9 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


/  2. 


i  / 


/  7 


4  o 


3 X 


3X 


Container  No. 


y.tro 


V  VS 


V  -7  3 


M3  A 


V  V! 


V  sro 


Wt-  Sample  Wet  t  Tare 


/ o  ?  72 


/or  5-5' 


vv  vv 


9  V 1 9 


9%  33 


96-3  8' 


Wt-  Sample  Dry  -t-Tare 


96  03 


9t  5 '/ 


Y  /  7/ 


9/  S4 


9/  94 


fr?  3o 


Wt-  Water 


7  04 


7  /  7 


4-43 


7-0^ 


Tare  Container 


Xl  -S4 


Xa  4  7 


9.CZX 


74-/  9 


97-60 


Wt-  of  Dry  Soil 


4  9 


/6'0  9 


/4  4  3 


!C  16 


loll 


I  7  30 


Moisture  Content  Ttr% 


44-2 


44  4 


44;f 


4/7 


409 


4o  ■  9 


Average  Values 

42-9 


0^= 

IP  s 
If  * 
ItS- 


33  3 


96 


Wt-  Sample  Wet+Tore 


Wt-  of  Dry  Soil 


Plastic  Limit 


XriiLl.— lift-. 


Container  No- 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Moisture  Content 


/ 


f)c 


a  2 17 


59  370 


/  9X2 


S3  43  9 


S' 4/  S' 


34-4 


P  r->v 


4  242. ^ 


0.6  I  VI  SI  11% 


2  34  I 


S3  10  7 


7  OlX 


33  4 


BK 


S9  /  S3 


I-A3S 


S3  26Z 


A  4X0 


37  2 


Shrinkage  Limit 


Trial  No- 


Container  No- 


AQ 


Wt- Sample  Wet -Hare 


c 
a> 

64 

c 
o 
o 


a> 

w 

3 

in  44 


X 


Wt-  Sample  Dry  -Hare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wc 


Moisture  Content  w% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/g 


"4 


AX 


4  o 


LLL 


G 


-Vo 


Wo 


IO(A 


Description  of  Sample: 


Remarks; 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


171 


UNIVERSITY  of 

ALBERTA 

PROJECT  7 '-<?  <?  xe  ~Tha\-v  Invest 

SITE  .  C  t-  a  1^/  fo  r  J  f-3 '  t 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  *  10 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

ft&LE  Cv  cle  a  /2  DEPTH 

TECHNICIAN  ~rs,-/  DATE  7-  7-  5? 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


/  X 


I  3 


/  2i 


3  7 


3  7 


Container  No- 


M  a  z 


Vi  7 


V  73 


V  47 


\f  4  S' 


V  7  Jr-' 


Wt-  Sample  Wet  tTore 


V9-33 


92-  / 2 


V7  3y 


V7-  /  y 


9*5? 


1 09  ■ 


Wt-  Sample  Dry  -t-Tare 


V  g  3s' 


V4  72 


V<>  iV 


Vo  3i 


Vi  5£ 


10/43 


Wt-  Water 


■c-9r 


7-4  0 


i"  70 


<£•  *  a 


7  0  3 


7-  V/ 


Tare  Container 


£  73  V 


iv  ?/ 


a  2v 


i4-oo 


d-d  9 


V  ?  7  V 


Wt-  of  Dry  Soil 


M  97 


/  v  V  / 


14-4  0 


U-  zc 


t&-*7 


/  V  i  5 


Moisture  Content  111% 


/  i-  7 


44  5 


4/-  7 


4/-  7 


4/  sr 


>37 


44 


£ 


$ 


£ 


Average  Values 

A3* 


ll7p= 

*P  = 

If  * 

If*. 


/o-tT 


Trial  No- 

/ 

X. 

3 

Container  No- 

R  s 

#  A*) 

Wt-  Sample  Wet+Tare 

61-nti 

io  9/6 

59  3  70 

Wt-  Sample  Dry+Tare 

S9-6JU 

S9  7  3s' 

5  7  V/4 

Wt-  Water 

/•5iV 

U7tT 

/■554 

Tare  Container 

54- 741 

€4-  44? 

53  /42 

Wt-  of  Dry  Soil 

0-  Vvo 

4  -  9  Vi 

4  452. 

Moisture  Content  % 

32  / 

33  4 

3  !4 

v::: 

">  • 

::r: 

\ 

— 

_u  - 

 J. 

::i 

::± 

Shrinkage  Limit 


Trial 


Container  No- 


45" 


* 


Wt  Samole  Wet  4-  »are 


is 


Wt-  Sample  Dry  -t-Tare 


c 

V 

*.44 

c 
o 
o 


« 

w 

3 

«43 

o 


* 


k 


3 


Wt- Wafer 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  'Ur% 


Vol-  Container 


V 


Vol-  Dry  Soil  Pat  Vo 


\ 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  7if8 


IS,  -  <tAr 


0 


V-Vo 

Wo 


x  ioax- 


42 


Description  of  Sample; 


\ 


Remarks; 


41 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


PROJECT /-i-sexeT^haw 

S.!T E 

P>:t 

SAMPLE  *  /O 

LOCATION 

Cv  c/<f  *  2  5" 

DEPTH 

TECHNICIAN  -jihr 

DATE  ^3-7-  5"? 

172 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


/4 


/  4 


/  3 


3  4 


3  / 


3  3 


Container  No. 


WAS 


V6  3 


V5fr 


V  %  3 


V  7  / 


Wt-  Sample  Wet  +  Tare 


lot  to 


9*  00 


9  5' 


?/  Sf/ 


7 6  S3 


1 04  XX 


Wt-  Sample  Dry  -t-Tare 


94- *5' 


■%  r 


.1L12. 


95  3  2 


Wt-  Water 


2L9X 


7/3 


£74 


5-64 


7  61 


7  06 


Tore  Container 


77-43 


59  6? 


67  Xo 


6  7  63 


7 II 6 


74-63 


Wt-  of  Dry  Soil 


y5"  /  v 


IX  - 4*' 


IS  S  4 


/  7  75' 


*/-  /  9 


Moisture  Content  *ur% 


A  7-  3 


A  7  o 


A  7.  / 


42-7 


4  99 


A  2  X 


46 


47 


46 


c 
ft) 

*-  45" 

c 
o 
O 


<u 

W 

w  44 


43 


>U 


& 


X 


n 


Average  Values 

/us’l-  £ 


UTpS 

TaA  = - — 


V 
it  * 
it*. 


/o-3 


Trial  No- 

/ 

3 

Container  No- 

B  L 

P  J? 

p  4 

Wt-  Sample  Wet+Tare 

60S  iz 

5' 7  77/ 

57  70/ 

Wt-  Sample  Dry+Tare 

59  040 

56  3  96. 

56  550 

Wt-  Water 

1-473 

/•  375- 

/•/5/ 

Tare  Container 

54-74/ 

523*6 

S3  0X7  1 

Wt-  of  Dry  Soil 

4-299 

A  070 

3-463 

Moisture  Content  % 

34  S' 

33  -sr 

33* 

¥ 


5 


T: 


4-1 


»- 


:] 


7  8  9  10  15  20  25  30 

Number  of  Blows 


.Shrinkage  Voi-  V-Vo 


40 


Plastic  Limit 


Shrinkage 


Trial  No- 


Container  No- 


Wt-Samole  Wet+Tare 


Wt- 


Wt  Water 


Tore  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  ■w,% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Limit  “u/8 


Limit 


Description  of  Sample: 


Remarks; 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


rnuany  i  r  r  a  s  xe  /  r 

SITE  C  r  Q>*/  for  cl 

?  O \+v  invest 

p.t 

SAMPLE  *■  JO 

LOCATION 

HOLE  .  Cycle'** 

DEPTH 

TECHNICIAN  D  s 


DATE  /£-  a  -  s? 


Liquid  Limit 


Trial  No- 


s" 


No.  of  Blows 


I  3 


n 


!  4 


32 


3  4 


Container  No. 


V4*r 


v 


VC  9 


V  7  4 


V  SC 


V  2  V 


Wt-  Sample  Wet  tTare 


90'ti 


9  tf-0  3 


I  oc./i 


9s  oo 


10004 


102  90 


Wt-  Sample  Dry  -t-Tare 


937/ 


9  9  7s" 


997  4  9 


94  2/ 


96  S7 


Wt-  Water 


7oo 


%  73 


C-3C 


7  S! 


S-%3 


C-33 


Tore  Container 


C9-2  9 


12  00 


97  /  3 


11 H 


X/-S4 


9?  10 


Wt-  of  Dry  Soil 


13  9  2 


17  30 


I  2-C  1 


16  3r 


l  2-C  7 


n-x  i 


Moisture  Content 'll/0/© 


So  3 


So  S 


So  s 


AC-0 


AC! 


AS-  V 


SI 


So 


5 


Average  Values 

A  7  3 


a^p= 
'K  = 
Ip  = 

If  * 

If. 


3 1-Q 


M-3 


V- 

A 

 1 

Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry+Tore 


Wt-  of  Pry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3 3  7 


67* 


S7  6o4 


SC-46  I 


I  -  14  3 


S3  06  2 


3-399 


1 


P  L 


sq  oc/ 


s%  oo7 


/  0S4 


S4 -7 J / 


3  266 


32  3  33-  / 


/7  /-/ 


s’tr-isr 


SI  0/4 


/  641 


S2-OS7 


4  ■  9S 7 


Shrinkage  Limit 


Trial  No- 


S 


Container  No- 


/1 9 


* 


c 

(U 

*■  4  S 
c 
o 
O 


4) 
w 
3 

w  47 


5 


* 


Wt- Sample  Wet  4-Tare 


Wt  Sample  Dry  +Tare 


WJLWfll&L 


Tare  Container 


Wt-of  Dry  Soil 


Moisture  Content  w9/c 


Vol-  Container 


$ 


Vol-  Dry  Soil  Pat  Vo 


U 


* 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Vg 


*4  -  C *wr- ‘ 10°) 


Description  of  Sample: 


46 


45 


Remarks: 


9  10  15 

Number  of 


20  25  30 

Blows 


1 


■ 


» 


UNIVERSITY  of 

ALBERTA 

PROJECT  r  r  <°  e  ?. re 

~r h  aw  Invest 

SITE  C,  r a\-j  f o  r  c! 

r=>,t 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  *  11 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE  Cycle  * 1 

DEPTH 

TECHNICIAN  ~p.s. 

DATE  2.C-6-S9 

Liquid  Limit 


Trial  No- 


5" 


No-  of  Blows 


/  5* 


/  7 


/  7 


3  o 


2  ? 


3  s' 


Container  No- 


V  74 


V  so 


V  73 


V42 


v  a  r 


Wt-  Sample  Wet  +  Tare 


20 


9S  2  9 


ff  7  30 


9  S 


^374 


^4  7^ 


Wt-  Sample  Dry  -t-Tare 


-ft*-P9 


9r>  4  o 


<6%  AS 


7  6  SA 


7S/  ? 


<#0/3- 


Wt-  Water 


5"-  II 


4-6,9 


A  S6" 


4  4  / 


4^7 


4  £  / 


Tare  Container 


7/  /  / 


^0  4  2 


72  00 


66-2X 


6  7  38 


4  ?2? 


Wt-of  Dry  Soil 


la  ?S 


to- 1*6 


10  4  S 


/o  Z6 


! o-fr/ 


lo  %6 


Moisture  Content  Ti/% 


40  6' 


40  2 


40  4 


4  3  0 


43  2 


424 


47 


Average  Values 

44  3 


^p5 


tt4o  3 


V 


If  * 
Its 


J2£± 


9-2. 


Wt-  Sample  Wet-Hare 


Wt-  Sample  Dry +Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


IrJfl-UlP.: 


Container  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  %  3a  a 


I 


/7V 


63  ns 


60  90/ 


2-2*4 


54  A3  I 


6  A70 


RH 


60  030 


si  9s 3 


2  oy3 


S2  0S7 


S-  %?6 


3SA 


R  T 


62  9  39 


60  300 


757  9 


S3  06  1 


7  2  9K 


3  s' 4 


Shrinkage  Limit 


Trial  No- 


Container  No- 


40 


Wt- Sample  Wet -f  Tare 


a> 

c46 

o 

O 


Wt-  Sample  Dry  -Hare 


Wl WfllP.L 


T a  re  Container 


Wt-  of  Dry  Soil  Wo 


Moisture  Content  -ur 7t 


Vol  -  Container 


Vol-  Dry  Soil  Pot  Vo 


<U 
w 
3 

</>  44- 
o 


\ 


Shrinkoqe  Vol-  V-Vo 


Shrinkage  Limit  “We 


I 


43 


42 


-Vo 


Description  of  Sample: 


Remarks: 

S-d 


7~~ his  S  Q  n~>  n  J e 


JLQ. 


sL 


u  P  very  jn,  0  f-.q/. . W.&LLc. 


\ 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


Qc/Jecl  O  n  cl  J  u  rn  p  s  b  t~  o  A 


W  i  th  S  P  0  1 u  I  a  p  r  i  o  i-  to  1~c  3  t 


UNIVERSITY  of 

ALBERTA 

PROJECT  7  r ee ic 

7" h  a  \~/  /nvfi  f 

SITE_ Crow!  o 

-A  P.t 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE  '  11 

SOIL  MECHANICS 

LABORATORY 

LOCATION 

ATTERBERG 

LIMITS 

HOLE  Cycle  *  3 

DEPTH 

TECHNICIAN  ~p  s 

DATE  7  X-  0  -  si 

Liquid  Limit 


Trial  No- 


No.  of  Blows 


/  4 


/  3 


/  5" 


2? 


2  9 


3/ 


Container  No- 


V  IS 


V  VV 


V£  7 


S' 


V57 


Wt-  Sample  Wet  t  Tare 


9  o'- 


V7  70 


7y  y* 


1 01 ■  10 


1*4-90 


%  I  40 


Wt-  Sample  Dry  -t-Tore 


9  /-Off 


Z4-38 


IS  6  Z 


?6  %Z 


%  /  ZS 


IT  OX 


Wt-  Water 


3  U 


3  32 


3ZQ 


A-  3  V 


4  OX 


3  7  Z 


Tore  Container 


ft?  73 


1143 


6<x V 


*113 


7  0-9/ 


69  2% 


Wt-of  Dry  Soil 


■  3  o 


C- is 


fit 


9  09 


10-34 


3  39 


Moisture  Content  ti/% 


All 


All 


A  10 


AS  2 


AS  O 


A  A  A 


Average  Values 

ASS 


'USf 

Ms- 

Ip  = 

If  * 

Its- 


3  S3 


1  Z 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-tTore 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


/ 


Bl 


64  04  3 


01  94  9 


2094 


SA  9  4  z 


7-oo7 


3X-A 


Rv 


OS  X 4 2 


02  OS  7 


3-/ Vs' 


SA  A  3  / 


%  Z20 


S  C 


OS-  XOO 


02-  %oS 


3  '03V 


SA  74 1 


X-0S4 


3  S"  7  37  9 


Shrinkage  Limit 


Trial  No- 


Container  No- 


48 


$ 


Wt- Sample  Wet+Tare 


47 


a> 

w 

3 

<*  46 
o 


\ 


Wt  Sample  Dry  -f  Tare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  4at% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


$ 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  'Ul’e 


- 


$ 


(?WT“  x  ,OC0 


5: 


Description  of  Sample- 


45 


3 


-j 


44 


Remarks: 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


ffl'  '  i: 


UNIVERSITY  of 

ALBERTA 

PROJECT 

t  r  <r  <?  x  e  T~  h  a  i-/  Invest 

SITE 

C.  r  a  >-/  -f o  r  d  Pit 

DEP’T  of  CIVIL 

ENGINEERING 

SAMPLE 

V  J1 

•SOIL  MECHANICS 

LABORATORY 

location 

ATTERBERG 

LIMITS 

HOLE 

Cvc/e  *  1  2  DEPTH 

TECHNICIAN'  D.s  DATE  7-7-57 

Liquid  Limit 


Trial  No- 


S' 


No-  of  Blows 


// 


II 


II 


3/ 


2? 


3  2. 


Container  No- 


V  CC 


V& 


VS? 


VS( 


V  3 


V8Q 


Wt-  Sample  Wet +Tare 


7* '3  5' 


$f  7  SO 


7 i  9z 


7  7  11 


7  7/16 


KC  0  7 


Wt-  Sample  Dry  -t-Tare 


74-33 


9o 


7s'  4  o 


73-72 


73/If 


W-33 


Wt-  Water 


3  97 


3  £  o 


330 


A  22 


4-4  7 


Tare  Container 


CC  4  3 


73  7  S' 


£sr-3  if 


66-13 


64-  10 


71-60 


Wt-  of  Dry  Soil 


7  ?o' 


7  /  2 


7-o  * 


7 -if? 


9-£o 


Moisture  Content  'U/% 


-5~o-  6 


3os' 


3o7 


43-2 


ACS 


AC  3 


- 

A- 

! 

\ 

L 

A 

-- 

51 


Average  Values 

4  7  2 


ItfpSUL 

tcC  s - 


IP  5 
If  * 
If. 


74 


Plastic  Limit 


lLi.qJ.-NJL 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry  -t-Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  Ao  o  4o  a 


l 


Cl  45' 2. 


S?  24  2 


2-no 


S2  7 IS 


5'  5  2  7 


43  OS 3 


42  HI 


42!*? 


2  33  7 


3  3  030 


1  IS? 


3  2- 


4/  o  ?tr 


2  /  /4 


3  s' 747 


5  •  3s'/ 


3  9  4 


Shrinkage  Limit 


Trial  No- 


Container  No- 


50 


4  A 


Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


W.t;W-fltfLL 


Tare  Container 


Wt-of  Dry  Soil  Wo 


c 

a> 

**>(9 

c 

o 

O 


Moisture  Content 


\ 


Vo  I  •  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit 


40 


$ 


\ 


S 


47 


- - \  O 


43 


V;  = 


« l0°) 


Description  of  Sample-- 


Remarks; 


8  9  10  15  20  25  30 

Number  of  Blows 


40 


£ 


177 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


•  /  v.  t. 


SITE  C,  i' a  i~/  for  J 

Pft 

SAMPLE  *11 

LOCATION 

HOLE  Cv  c.U  *26- 

DEPTH 

TECHNICIAN  ~p  s 

DATE  23-  7-  S9 

Liquid  Limit 


Trial  No- 


4 


•S' 


4 


No-  of  Blows 


/  S 


JJL 


u 


z  y 


33 


Container  No. 


V  7  2 


\/£/ 


V  7 


V  73 


v  jr/ 


V  49 


Wt-  Sample  Wet  t  Tore 


9/-ar 


9o-zg 


^G  74 


9  7  44 


*9  9£ 


Wt-  Sample  Dry  -1-Tare 


o/ 


V3-20 


Vo  /  3 


V3  3  7 


Wt-  Water 


7-07 


£■34 


7o4 


^  ■  £! 


£■  %£ 


£■59 


Tare  Container 

Wt-  of  Dry  Soil 


7ooo 


7,9  74 


£9  /£ 


£6  ZX 


74  /  9 


<99-^/ 


14-0  1 


]  2  £0 


J  A  04 


y  3- Sr  s' 


7/7  3  9 


73-?£ 


Moisture  Content  ij7o 


5"  0-5' 


•5-0-  7 


J7>-3 


47  7-7 


>97  7 


47  Z 


- 

t" 

=5: 

-N 

. 

Average  Values 

=  ^y-3„ 


^ps 
V“s  = 

V 
If  * 
If. 


y 


Container  No- 


Wt-  Sample  WeHTore 


Wt-  Sample  Dry-t Tare  59  97/ 


Wt-  of  Dry  Soil 


Moisture  Content  %,  43-G  AZo 


Plastic  Limit 


Iri.a-.LJia: 


Wt-  Water 


Tore  Container 


/ 


BT 


£1  •/ LI 


S3  643 


2-  19  I 


S4-  94  Z 


S  0Z.9 


7 


ps 


£l  7  LG 


2  zz  3 


54  24  9 


5  •  ?-9  4 


firi 


SG  749 


/■SAZ 


S3  Ul 


3£*7 


A%-% 


Shrinkage  Limit 


Trial  No- 


Container  No 


si 


Wt-Sample  Wet+Tare 


Wf-  Sample  Dry  H-Tare 


HM£L 


4>- 


■4> 


$ 


c 

a>  _ 

*-  oo 
c 
o 
o 


a» 

w 
3 

»  49 


* 


5 


5 


40 


47 


$ 


\ 


Tare  Con  t  a  iner 


Wt-  of  Dry  Soil  Wc 


Moisture  Content  w% 


Vol-  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


- 


Shrinkage  Limit  T*7g 


Description  of  Sample; 


Remarks; 


7  8  9  10  15 

Number  of 


20  25  30  40 

Blows 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  r  e  <•  z  <?  T7“  h  a  Invest- 

SITE  C  r  a  i*v  to  r  d  F3  >  t 

.SAMPLE  . 

LOCATION 

HOLE  Cycle  "4*  DEPTH 

TECHNICIAN  s  DATE  /  7-  8-5-7 

Liquid  Limit 

Trial  No- 

/ 

Z 

3 

A 

s 

6 

No-  of  Blows 

/  3 

1  z 

II 

34 

3  4 

3S 

Container  No- 

V53 

V  7/ 

vsx 

VV4 

V  90 

V6J 

Wt-  Sample  Wet  +  Tare 

9 o- 3  Z 

93-67 

%  7-4* 

94  0/ 

9/36 

94  to 

Wt-  Samole  Dry  +Tare 

XtAZ 

9/6. -6L  6 

XI  Zi 

W  79 

%£■  II 

19 

Wt-  Water 

7-9o 

£>-A7 

...  CIA 

£  ZX 

£-19 

S-x/ 

Tare  Container 

£7-  * 0 

9  A  - 6.  3 

£9  43 

It-  3  8 

7  2  X0 

75-76 

Wt-  of  Dry  Soil 

1/1-6.  Z 

11-97 

nsx 

17  41 

12  3/ 

I/-S9 

Moisture  Content  *w% 

S  3  9 

SA-  / 

SA  6 

So  i 

So  z 

So  z 

Average  Values 
wt=  >5~/  3 

wp-  — 
Ms— — - 
Ip  3 
if  * 
i»=. 


i±. 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-t- Tare 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Water 


Tore  C o ntainer 


Moisture  Content %  At  z  aaz 


I 


P  p 


6.0  ■  /qg 


sx  ns 


t  o  to 


S3  33* 


4-7?  0 


P'S 


S  V  9  30 


57  .fyo 


I-  3*0 


S4-A3I 


3-64  9 


8P 


SX  33* 


*6-3711 


1-9*4 


SI-  7*6 


A  ■  *  X  * 


41-Z 


Limit 


Trial  No- 


A 


Container  No- 


po 


5 4 


-4* 


Wt- Sample  Wet  4-Tare 


SX  174 


Wt-  Sample  Dry  +' Tare 


st-  xzo 


Wt- Water 


I-  Z94 


c 

a> 

«-53 

c 

o 

o 


«5Z 


* 


* 


!s 


\ 


\ 


v 


5/ 


50 


s: 


ii‘ 


Tare  Container 


S3<*96> 


Wt- of  Dry  Soil 


Moisture  Content  vr% 


All  -4 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  7i/'s 


H  =  Qyj. 


-Vo 

o 


Description  of  Sample: 


Remarks: 


179 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 

PROJECT  h  r  c  e  %  c  ~Tho\~/  Invcjt 

SITE  Cranford  R,t 

SAMPLE  *  /z 

LOCATION 

H©EE  Cyc/c  *  /  DEPTH 

TECHNICIAN  7>  5  DATE  2d- 4  -  s'? 

Liquid  Limit 

Trial  No* 

/ 

Z 

3 

4 

S' 

6 

No*  of  Blows 

3  Z 

3  / 

3  Z 

14 

IS 

/  7 

Container  No- 

V7? 

W6  2 

V  6  9 

V  7/ 

V  7  A 

va 

Wt-  Sample  Wet  +Tare 

97-/3 

87  00 

34  37 

V7-7J 

9  c  so 

10  1-3  2 

Wt-  Sample  Dry  +  Tare 

9  2  S'  / 

16-19 

7?  Yd, 

8  3  -3i' 

9%  oc 

?d  9/ 

Wt-  Water 

4-37 

A-KI 

4  4/ 

A  OL 

A  4  4 

A  A  1 

Tare  Container 

c671'6 

6s  -  os' 

69  A  1 

74  4  3 

*2  -12 

Y 7  13 

Wt-  of  Dry  Soil 

/o  c>  3 

//■  /A 

10-As' 

9  02 

9  94 

9  7<t 

Moisture  Content  “11/% 

4  3  S 

43  2 

43  2. 

AS-  a 

A  47 

A  S-  s' 

X 

- 

— 

\ 

Average  Values 

.  A  3  9 


UTp-  -  111. 
T*4-  3  - - 


V 
h  ^ 
If5- 


4-  sr 


Trial  No- 

/ 

z 

3 

Container  No- 

re: 

2V 

Wt-  Sample  Wet+Tare 

62  946 

A1-09S 

AS- 7 37 

Wt-  Sample  Dry+Tare 

6o-o9/ 

A I  1/4 

43  00  7 

Wt-  Water 

2  ■  *ss 

Ms/ 

2  7  30 

Tare  Container 

&3-OH7 

3d  03  0 

3s-  74  7 

Wt-  of  Dry  Soil 

7 -Ob  4 

S-0%4 

7 

Moisture  Content  % 

40. v 

3  9-o 

3  7’,  .4 .  . 

Plastic  Limit 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt-Sannpie  Wet+Tare 


e 
0) 

AC 

c 
o 
O 


Wt-  Semple  Dry  -flare 


mWstiSL. 


Tare  Container 


Wt-of  Dry  Soil 


Moisture  Content  w7o 


Vol-  Container 


V 


Vol-  Dry  Soil  Pat  Vc 


AS 


% 


\ 


4h 


\ 


44 


43 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Vg 


k  ,00) 


Description  of  Sample; 


V 


Remarks: 


7  8  9  10  15  20  25  30  40 

Number  of  Blows 


"»  ivwmMmai 


UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


rr\wv»cv  1 

SITE 

...y.jr.s.s  7  c  1 

C  r  0\ f on  d 

n  a  1-/  /  n  \/  c  3  {  ‘ 

Pit 

SAMPLE 

*  i  Z 

LOCATION 

HOLE 

C  y  cJe  3 

DEPTH 

TECHNICIAN  s  DATE 


Liquid  Limit 


Trial  No- 


■sr 


No-  of  Blows 


/  5" 


/  5" 


/  2 


3  I 


3  o 


3  2 


Container  No. 


V63 


Vy/ 


V£  / 


V  4  7 


V  2? 


Wt- Sample  WettTare 


fir/- 7  7 


Vo -os* 


si  ss 


7  ST- 57 


9fr-7£ 


%4  LO 


Wt-  Sample  Dry  4-Tare 


77  2  2 


7553 


Si'-ZC 


13  IS 


^4  04 


IS  90 


Wt-  Water 


A  SC 


4  ■  /  9 


4-5  3 


4  72 


i"-7<3 


Tare  Container 


Cl  so 


CL  !  3 


76  70 


C4  OO 


8  3-7/ 


CL- AO 


Wt-  of  Dry  Soil 


9  42 


7-40 


M* 


/o  •  3  3 


I  2  SO 


Moisture  Content  “U^/o 


4V-3 


/ISO 


AS-3 


A  S' 4 


A  5-  7 


4  5-  C 


Average  Values 

46-3 


*wv 

UTps- 

S 

v 

If  * 

If. 


4  /  -  sr 


/•a' 


Trial  No- 

/ 

Z 

3 

Container  No- 

PC 

PS 

RT- 

Wt-  Sample  Wet+Tare 

Cs  OIL 

Cs-CSS 

CL  Cio 

Wt-  Sample  Dry  +Tare 

Cl-S  3C 

C2-3I  2 

Cl- Sis' 

Wt-  Water 

3*4  0 

3-3  74 

3  ■  Soy 

Tare  Container 

S3  osi 

S4-24  9 

S3- 7/ S' 

Wt-  of  Dry  Soil 

ff  44  9 

V  06  3 

9  //o 

Moisture  Content  % 

47/9 

47/ -Sr 

4/-  7 

Plastic  Limit 


Shrinkage  Limit 


Trial  No- 


Container  No 


49 


Wt- Sample  Wet+Tare 


c 

tt)  „ 

♦•48 

c 

o 

o 


« 

w 

3 

w47 

o 

2 


46 


MfilSL 


Tare  Container 


-ej- 


Wt-of  Dry  Soil  Wo 


Moisture  Content  *ur7c 


4 


5 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


$ 


Shrinkage  Limit  7t/8 


V 


$ 


5 


'U 


45 


<S!)\ 


A 


H  s  ^ 


Cr- *  l0°) 


Description  of  Sample; 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


PROJECT 

h^r  c  e  %e  ~T 

7i  a  i~/  Invest 

SITE 

C.  r  a  /  a  r  cl 

F>,'t 

SAMPLE 

*  /  2 

LOCATION 

mm 

Cy  cfc  *  1  2 

DEPTH 

TECHNICIAN'  ~J>  s 

DATE  7-  7-  S'? 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


A 


S' 


No.  of  Blows 


IS 


IS 


16 


2  9 


2  7 


2V 


Container  No. 


V  7  z 


MCI 


V  *  3 


V  9 


v  av 


V  AC 


Wt-  Sample  Wet  tTore 


Sfo -9o 


V6  74 


04 


9/  XI 


§7  4  7 


9  7/0 


Wt-  Sample  Dry  -l-Tare 


77  32 


33 AO 


7  9  17 


97-*? 


77  59 


92X2 


Wt-  Water 


3SX 


3  2£r 


3  37 


3-9% 


3ZX 


A’ Iff 


Tare  Container 


7 6  00 


7  6-7  0 


7 IIC 


19  SX 


69  29 


V3-7  / 


Wt-  of  Dry  Soil 


7  3  2. 


6-76 


9s  oi 


%  31 


-3o 


9  // 


Moisture  Content  MJ°/o 


AX-9 


4  <X-S 


Av>  3 


47  2 


46.  if 


4  7  0 


r 

\ 

V 

1 

t5 

7 

Average  Values 
‘urx*...A7-3. 

/ur?-  -A2-£— 

~  —  .  ■ — 

V 

If  * 

It*. 


4-tf 


Wt-  of  Dry  Soil 


Plastic  Limit 


Ir.»q  I..NP-. 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry-t-Tore 


Wt-  Water 


Tore  Cont a i n e r 


Moisture  Content  % 


/ 


39  4  7S 


3*1*7 


/  2XX 


3*-  190 


7.  99  7 


43  0 


2  7 


44  969 


A2-K  03 


2-  /4d 


37  7U 


$■079 


A  %-C. 


1. 3  £7 


67  149 


6,0  •5‘3  I 


Z  61* 


SA  3*1 


6  ISO 


A  2  S 


Limit 


Trial  No 


Container  No- 


3o 


23 


Wt-Somole  Wet+Tare 


A3-6*l 


A  2  770 


Wt-  Sample  Dry  +Tare 


4  1-SC  2 


do  *60 


c 

4> 

c*9 

o 

O 


4> 

w 

3 

w  48 
o 
2 


■Wl-.WMfe.r 


?  !  >9 


1.9  io 


Tare  Container 


36-613 


36194 


Wt-of  Dry  Soil  Wo 


f-04  9 


A-  666 


Moisture  Content  -W7c 


4l-fr 


4/3 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  t*/8 


2^  =  ^  (?W 


-Vo 


Description  of  Sample; 


* 


47 


-4^ 


AU 


-\ 


7  8  9  10  15  20  25  30 

Number  of  Blows 


Remarks; 


40 


182 


PROJECT 

hr  c  e  x  e  ~/  ha  i~/  /  nv  e  t  A 

SITE 

C.  r  a  fo  r  cJ  P>  /  t 

SAMPLE 

*  12. 

LOCATION  

C 

yc/c  *  2s'  DEPTH 

TECHNICIAN  D  s  DATE  23 -7-si 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


No.  of  Blows 


JC 


14 


l£ 


3/ 


2± 


32- 


Container  No. 


V  A  2 


V  70 


Y  £, 


V  90 


V  9 


Wt-  Sample  Wet  t  Tare 


£7-7/ 


I  0X1  o 


9  3-oz. 


9*  70 


9  s'-  io 


103  2/ 


Wt-  Sample  Dry  -t-Tare 


Vo  96> 


9s  A  7 


9 /  6o 


m  9o 


9s  st 


Wt-  Water 


£  ■  7  s' 


4  -4  3 


O  (a 


7/o 


7  2o 


7  63 


Tare  Container 


ALU 


1  X 


7  s  IX 


76  7  X 


71-Xo 


71  SX 


Wt-  of  Dry  Soil 


/  3  sx 


/  3-7? 


/  21  X 


/A  XX 


I  s/0 


16-0  0 


Moisture  Content 'u/’/o 


A  9-7 


A1-9 


A  1-7 


A  7  X 


A  7-  7 


47  7 


\ 

-  -  - 

Average  Values 

A%-4 


'ur Is 

t*/"s  = 

!p  s 

If  * 

If=. 


4  2-r 


S'- 9 


. 

) 

Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wet+Tare 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Wt-  of  Dry  Soil 


Moisture  Content  %  A  2-7 


I 


22 


4-2-431 


M  I 


3s7A7 


S-179 


2  7 


44-2  70 


42392 


95*8 


37  7X4 


4- 66  X 


A  i-X6u 


4 1  -  4 06 


2  364 


36-020 


S-  4  76 


42o  429 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wt- Sample  Wet+Tare 


Wt- 


c 

0> 

50 

c 

o 

O 


4> 

w 

3 

w  49 


Wt- Water. 


Tare  Container 


iWt-  of  Dry  Soil 


Moisture  Content  mt% 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  "u/g 


48 


T*A  -  ^ 


*  l0°) 


Description  of  Sample; 


% 


47 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


' 


PROJECT 

freeze  ~r  h  Invest, 

SITE 

C  r  Q\~s  fo  r  cl  Pit 

SAMPLE 

*  /a 

LOCATION 

!*©££ 

Cv  c/f  DEPTH 

TECHNICIAN'  s  DATE/7-V-59 

UNIVERSITY  of  ALBERTA 

DEP’T  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


Liquid  Limit 


Trial  No- 


S 


No-  of  Blows 


JJL 


I  3 


1  3 


3  X 


36, 


Container  No. 


V  fr  9 


Y  tfo 


V  %( 


V  9o 


M  6  3 


V  ST4 


Wt- Sample  WettTare 


9 1  so 


9 


9  3  %  3 


%7-VS 


/Ql  /  3 


Wt-  Sample  Dry  -t-Tare 


147  7 


‘69-16 


V  /  20 


9z  ci 


Wt-  Water 


7-2  4 


<S  -7  3 


7-  /  <o 


6-9  7 


6  6  s* 


Tare  Container 


74  7  7 


7Z-og 


lc- 1 9 


1%- 70 


6  7-^0 


16-lX 


Wt-  of  Dry  Soil 


/3-7s" 


.Z222, 


/  337 


14-oC, 


/  3  40 


n  13 


Moisture  Content  3*/% 


5*-6 


V- 

s: 

.52  ST 


49-6 


4  9  6 


A  9  A 


Average  Values 

dTo-S 


tiSs  = 

V 
If  9 
Its- 


/m-st 


6^7 


Wt-  of  Dry  Soil 


Plastic  Limit 


J.LiqJ— N.P-. 


Container  No- 


Wt-  Sample  Wet+Tore 


Wt-  Sample  Dry -t- Tore 


Wt-  Water 


Tare  Container 


Moisture  Content  % 


/ 


23 


AO-S9  3 


39  167 


1-331 


36-794 


9-913 


AA  -9 


3o 


AI-QX3 


39  6,71 


/  .40/ 


36-5/3 


3  /c  9 


AA-  l 


B  u/ 


S9324 


S7-9AI 


1-173 


S4.  7 34 


3  •  Sr  o  7 


4Y-  i 


Shrinkage  Limit 


Trial  No- 


Container  No- 


53 


Wt- Sample  Wet+Tare 


c 

0) 

c5* 

o 

o 


V 

w 

3 

to.57 

o 

2 


5o 


Wt-  Sample  Dry  -flare 


ibi 


$ 


E 


\ 


Wt  Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Content  -w% 


Vol-  Container 


Voi-  Dry  Soil  Pat  Vo 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  Vg 


5 


Nr 


t 


M  3  L  WoV°- x 


Description  of  Sample; 


49 


Remarks; 


7  8  9  10  15  20  25  30 

Number  of  Blows 


40 


APPENDIX  C 


Analysis  of  Sieved  Fractions  of  Crawford  Pit 
Material  Used  in  the  Permeability  Tests 


i  ' . tODTt  .  . 

'l  \'i  ■  -  -  'i  j  .  ’  ,  i  . 


UNIVERSITY  of  ALBERTA 
DEPT-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 


SITE 

t-'.erm,  c..a ./?./  hiy _ La 

/FS ,  t 

SAMPLE 

S  i  e  v/  c  d  5  To  c  A  far  a cTj  6ns 

LOCATION 

HOLE 

DEPTH 

F~rocTion 

-  T5r+-/o 

-*>  0  +  *40 

-  jHO 

Depth 

Sample  No- 

/ 

2 

3 

Container  No- 

V09 

V  SK 

V  67 

Wt-  Sample  Wet  t  Tare 

US'-  75- 

/  3  7-74 

130-2/ 

Wt- Sample  Drv  +  Tare 

I/S-  A  / 

)  36-6% 

12792 

Wt-  Water 

034 

/• 

229 

Tare  Container 

6  9  4  0 

%  7-  /  Z 

SV-90 

Wt-  of  Drv  Soil 

AO-o  1 

A  9  SO 

S9oZ 

Moisture  Content  ur  % 

0  >  74 

2-10 

3  %  % 

Hole  No 

Depth 

Sample  No- 

Container  No 

Wt  Sample  Wet-t-  Tare 

Wt- Sample  Dry  +  Tare 

Wt  Water 

Tare  Container 

1 

Wt  of  Drv  Soil 

Moisture  Content  ur% 

Hole  No- 

Depth 

Sample  No 

Container  No 

Wt- Sample  Wet -i- Tare 

Wt  Sample  Drv+Tare 

Wt  Water 

Tare  Container 

Wt  of  Dry  Soil 

Moisture  Content  u/% 

Remarks: 


UNIVERSITY  of  ALBERTA 

DEP'T-  of  CIVIL  ENGINEERING 

PROJECT  PermGa.ki/iTi*. /  nve  stin  a  Tion 

SITE  Crpw/W 

/  ,  1 

R  <  f 

SAMPLE  .SUcA  -*A 

+  *  IQ  F'r  action 

SOIL  MECHANICS  LABORATORY 

LOCATION 

SIEVE  ANALYSIS 

HOLE 

DEPTH 

TECHNICIAN  7j.-( 

DATE 

Total  Dry  Weight 

of  Sample 

Sieve 

No. 

Size  of  Opening 

Weight 

Retained 

gms. 

Tptal  Wt- 
Finer  Than 
gms. 

Percent 
Finer  Than 

%  Finer  Than 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

Tore  No. 

\yt.  pry  +  Tore 

Tore 

3/4 

19-10 

' 

Wt.  Drv 

3/8 

9-52 

4 

•I8S 

4-76 

♦ 

Passing 

4 

Initial  Dry  Weight 
Passing  No*  4 

Tare  No-  J 

AAA-3S 

InJ.  %  R't 

10 

•079 

2  000 

396  03 

A  VIZ 

/  o-9 

K9-I 

20 

•0331 

•840 

3 A  Is 

1  A07 

-  s 

Wt-  Drv+  Tare^r/S^ 

40 

•0165 

•420 

0-2? 

137  V 

3  1 

96  9 

Tore  20700 

6  0 

•0097 

•250 

016 

J3AV 

' 

Wt.  Dry  AA A-3A 

100 

•0059 

•149 

OSZ 

n-9<> 

200 

•0029 

•074 

119 

11-77 

-  1  6> 

9  7  4 

Passing 

200 

Description  of  Sample. 


Time  of  Sieving 


Method  of  Preparation _ 

fraction  cashed  over 


'#>0  sieve 


Remarks 


Gravel.  Sizes 

Sand  Sizes  Sit 

3“  2“  [i  1“  1  f  S*4 

i/e  Size  # 

*10  2< 

_ 

9  41 

.  & 
a  60  loo  zi 

XL 

-  —  * 

^7 

7 

1 

1 

I. 

- 

n.  „  = 

mm 

mm. 

UI0  _ 

cu  =- 

— 

— 

— 

— - 

_ 

L  -- 

.  „ 

- 

- —I 

Grain  Size-Mra. 


Note:  M-IT-  Grain  Size  Scale 


187 


UNIVERSITY  of  ALBERTA 

DEP’T.  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 


SITE 

.,tr  g,  t-  m  <?  up. .Lu.h/..Juv ct uh 

Cranford' Pit 

SAMPLE 

Xftck  -«IQ  +*4o  Fir  a  c"tj  on 

LOCATION 

muE 

&EPIH 

Total  Dry  Weight 

of  Sample  . 

Sieve 

No. 

Size  of  Opening 

Weight 

Retamed 

gms. 

Total  Wt. 

Finer  Than 
gms. 

Percent 
Finer  Than 

%  Finer  Than 

Inches 

Mm. 

Initial  Dry  Weight 
Retained  No.  4 

Ta r e  No 

Wt.  Pry  +  Tqre 

Tare 

1910 

Wt.  Dry 

3/8 

9-52 

1 

4 

•185 

4-76 

j 

Passing 

4 

j 

Initial  Dry  Weight 
Passing  No-4 

Tare  No-  #  . 

Inal ■  7a  Ret  \ 

10 

•079 

2-000 

A9toA 

l 

20 

•0331 

•840 

zun 

Z  %%■ 

ALA 

~] 

Wt-  Drv  +  Tare  7/S-74 

40 

•0165 

•420 

131  03 

9  s'- *2- 

1  9-4 

*o-6  \ 

Tare 

6  0 

•0097 

•250 

Zl  07 

74  7r 

1*1 

\ 

Wt.  Dry  493  04 

100 

•0059 

•149 

S-  76 

<£*■99 

IAO 

j 

200 

•0029 

•074 

7-  75- 

12-4 

*7  6 

Passing 

200 

-  .  «• 

Description  of  Sample. 


Time  of  Sieving 


Method  of  Preparation _ 

FracTion  Wash  eel  aver  *  £oo  S/eve> 

Remarks _ 


IOC 


90 


80 


70 

C 

o 

if  60 


«50 

C 


40 

♦- 
c 
a> 

«30 

*> 


10 


Gravel  Sizes 


Sand  Sizes 


L 

4 


Si] 


eve 

4 


Size 

*10 


20 


%0  *60  *100  *300 


UI0  - 

D60=- 

Cu  =- 


.m-m 
.  nvm« 


0  lLLU 
100 


10 

Grain  Size-Mm. 


•0‘  .  ITT 

Note:  M-IT-  Grain  Size  Scale 


1.  o  o 


UNIVERSITY  of  ALBERTA 
DEPT,  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 


1. 

SITE 

±z.<s.r:.rr  sjx b  /  ( i  Ty..  ln.v.CJljQQ±>on.  . 

.  C  rawf< a  i-  cl  /  P>t 

SAMPLE 

r  ta  ck -  ^  40  A~  r  Action 

LOCATION 

HOLE 

DEPTH  

TECHNICIAN— T7Z/  DATE<£-y-s-<t 

Total  Dry  Weight 

of  Sample . 

Sieve 

No- 

Size  of  Opening 

Weight , 
Retained 
gms. 

Tptal  Wt. 
Finer  Than 
gms. 

^erc^nf  |^©RnerTh.an 

Inches 

Mm. 

rmcf  i  iiuii 

d«w>  i »  w  i  y. 

sample 

Initial  Dry  Weight 
Retained  No.  4 

Tare  No. 

Wt-  Dry  +  Tare 

Tare 

*4 

19-1  0 

Wt-  Drv 

3/8 

9-52 

4 

•185 

4-76 

♦  Passing 

4 

Initial  Dry  Weight 
Passing  No- 4 

Tare  No-  *3 

InJ.  7.  Ret. 

10 

•079 

2-000 

20 

•0331 

•840 

V 

Wt-  Drv  +  Ta r*C(.2  7r 

40 

•0165 

•420 

96" 

Tara  2.1%-Xo 

6  0 

•0097 

•250 

7 1-4X 

311A-7 

if 

J 

Wt-  Dry  AA A.- ft. 

100 

•0059 

•149 

7  9Z3 

2  94  XA 

&£■  2- 

200 

•0029 

•074 

1CW 

Al'7-Z6> 

Passing 

200 

Description  of  Sample. 


Method  of  Preparation _ 

Fraction  Masked  over  *  s/eve 


Remarks 


Time  of  Sieving 


Gravel  Sizes 


Sand  Sizes 


Si 


IOC 


„  ¥ 

I  4 


I  si' 


eve 

4 


*10_ 20  40  60  100  200 


90 

80 

70 

60 


40  ~ 


D60=- 

Cy  =- 


.mm 

.mm- 


«50 

c 
il 
^40 

c 

a> 

o30 

^ZO 

10 

0 


100 


10 

Grain  Size-Mm.. 


10  ~~5 

Note:  M-IT-  Grain  Size  Scale 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

SPECIFIC  GRAVITY 

PROJECT  Permeability.  Invest  i  a  at/on 

SUE . Cranford  frit  r  o  v  // 

SAMPLE 

LOCATION 

HOLE  DEPTH 

TECHNICIAN  FTF'  pATE  A-F-S9 

Sample  No. 

-**■  . 

F]  W aTcn  a  < 

Flask  No. 

*  z 

Method  of  Air  Removal 

~~0'%3^/emt  for  30  Min 

Wp+w+s 

73V-  yy 

Temperature  T  0  C 

/id -S' 

Wb+w 

673-Z3 

Evaporating  Dish  No. 

*  1 

Wt.  Sample  Dry  +  Di$h 

2  79-64 

Tare  Dish 

1  75-./  3 

ws 

1  04-SJ 

Gs 

2-69 

Wp+w+s  *  Weight  of  flask  +  water  +  sample  at  T°. 

Wb  +  w  =  Weight  of  flask  +  water  at  T°  (flask  calibration  curve). 

Ws  =  Weight  of  dry  soil  ^ 

Gs  --Specific  gravity  of  soil  particles  "  - wb+'w+,~ 

Determination  of  Ws  from  wet  soil  sampler 

Sample  No. 

Sample  No. 

Container  No. 

Container  No. 

Wt.  Sample  Wet+Tare 

Wt.Test  Sample  Wet  +  Tare 

Wt.  Sample  Dry  +  Tare 

Tare  Container 

Wt.  Water 

Wt.Test  Sample  Wet 

Tare  Container 

ws . 

Wt-  of  Dry  Soil 

Moisture  Content  'ur'  % 

Description  of  Sample:  Cranford  Pit  G  r  ave(  f  ~  3  +  ^  ) 

Wf  Sample  S  S~D  ■+  Tare =  7.  9  7-  3  6~ 


W  f  of  Tor* 


3  S/-.9 


.Qyjk  Sp,,-.Gr  ~  -B  ~-C ^  ^ 


t*/  f .  of  ^  Q  m  p  /  f  S  S  J> 


2  SA  l-  6, 


F?  p  n  ■  Sr$-  Gr-  a  -  c  ~  7*'  &  7 


Remarks-  W t  FF  am  n  le  4  Qa  s  ket  in  )/>/  f  ■  7 


\a7  f-  Basket  in  w  a  ter 


300-^ 


Ft  v  c  S~p.  /?/■  o 


W  L  Farnpl?  in  w  a  ter =  I S  4>  9  ■  f_ Combined  Ftyqreyafe 


\/sl  i ■  Famnle  avert  dry  -4  tan* ^  V  913 


7^L 


v/ f-  rflr< 


3  */■? 


Wf-  Ftomnle  oven  dry  ZS’Q‘t-4 


190 


UNIVERSITY  of  ALBERTA 

DEP’T-  of  CIVIL  ENGINEERING 

SOIL  MECHANICS  LABORATORY 

ATTERBERG  LIMITS 


rrwucy  » 

SITE 

gg/?/  //  Tu  mves ha  a  //an 

C  f  a  1-,/  f  0  t-  cl  Pit 

SAMPLE 

s5  /~0  C  /< - "40  A~7-  g  cTlo  n 

LOCATION 

HOLE 

DEPTH 

TECHNICIAN 


/  3-/. 


DATE  3--  y-5-9 


Liquid 


Limit 


Trial  No- 


jfL 


No-  of  Blows 


/  4 


/  4 


/  4 


3  3 


3o 


30 


Container  No- 


V  7Z 


V4Z 


V  ? 


V73 


V  7 


VC 


Wt-  Sample  Wet  tTare 


977-41 


<7  7  -JLO 


9  7-47 


<70  4S 


<76  7 A 


91  37 


Wt-  Sample  Dry  -t-Tare 


%  !-4o 


9Z- Z3 


76  3  6 


%1-CV 


<67-979 


Wt-  Water 


S-c>6 


5  -7y 


-5-/M 


409 


5"  06. 


4  4% 


Tore  Container 


7o-oo 


67  36 


79-SX 


6C  %<7 


6  9  U 


76  •  76 


Wt-  of  Dry  Soil 


12-33 


14-04 


12-07 


10  0  97 


I  Z  -SZ 


//■  // 


Moisture  Content  *11/% 


4/  £ 


4/-2 


4/-  3 


4os 


/H>4 


4  0-4- 


Average  Values 

4o-  7 


‘*r\9 
'k's  3 

Ip- 

If 

Ifs- 


2o-A 


2o-3 


Wt-  of  Dry  Soil 


Plastic  Limit 


Trial  No- 


Container  No- 


Wt-  Sample  Wef+Tare 


Wt-  Sample  Dry+Tare 


Wt-  Water 


Tare  Container 


Moisture  Content  %  2°  -3 


/ 


£3-020 


6/ -sc/ 


I  4S9 


S4  3 S/ 


7- 1 60 


R  £ 


59  3  22 


S<3  263 


I  OS 9 


53  OS' 7 


5/76 


T.o-4 


P4 


5" S'- 7 5-/ 


5  7-CZo 


/■/  3/ 


52-05"  7 


5  54  3 


Shrinkage  Limit 


Trial  No- 


Container  No- 


Wf- Sample  Wet+Tare 


Wt-  Sample  Dry  -t-Tare 


Wt- Water 


Tare  Container 


Wt-of  Dry  Soil  Wo 


Moisture  Contents  % 


Vol-  Container 


Vol-  Dry  Soil  Pat  Vo 


T 


Shrinkage  Vol-  V-Vo 


Shrinkage  Limit  W8 


«4  2 

o 

2 


4  1 


=  'US' 


-Vo 


Wo 


Description  of  Sample: 


5- 


<> 


2Z 


5. 


A  0 


:n 


H 


Remarks: 


El 


7  8  9  10  15 

Number  of 


20  25  30 

Blows 


40 


' 


Mix  Design  Computations  -  Crawford  Pit  Materi  a  I 


m 


o 

CN 

CN 

o 

o 

CN 

o 

• 

• 

O 

o 

CN 

CN 

00 

> - 

o 

o 

• 

a 

o 

Z 

o 

o 

o 

o 

sO 

00 

IN 

o 

O 

• 

9 

o 

r — 

x|- 

hs 

o 

o 

o 

« 

Q 

1 — 

r“~ 

Nt 

Z 

o 

<o 

CN 

O 

in 

in 

o 

CO 

• 

CN 

CN 

CO 

o 

• 

o 

CO 

CO 

^st“ 

o 

00 

co 

Nt 

Nt" 

NT 

» 

a 

o 

N|- 

■Nfr 

Z 

00 

[\ 

in 

1 

1  o 

oo  i 

1  LO 

* 

O 

# 

•sQ 

nj- 

Nf 

V 

CO 

LO 

LO 

or* 

IN 

|N- 

In 

9 

O 

9 

NO 

00 

CO 

■ — |CN| 

o 

CO 

CO 

CO 

CO 

1 

CN 

CN 

CN 

CN 

• 

CN 

_ 

o 

o 

o 

CO 

o 

o 

o 

o 

O 

in 

• 

in 

CO 

CO 

a 

0l 

“O 

o 

d  juste 
ic  MC 

CN 

sP 

ON 

nP 

ON 

• 

a ) 
c 

"O  J? 

"o5 

CD 

O  c 

\z 

s  Grdg 

~D 

1/1 

<c  a. 

<D 

.y 

in 

U| 

o 

CO 

C 

O  s 

-a  °- 

O  .n 
•+-  ON 

• 

CO 

£ 

£  § 
^  §> 

<D 

Z: 

O 

D 

CL  n 

_c 

c  ^ 

> 

l. 

_ _ 

Com 

Used 

o 

u  X 

a> 

in 

o 

U 

ii 

4— 

o 

CQ 

O  o 

CQ  m— 

APPENDIX  D 


Analysis  of  Sieved  Fractions  of  Winger  Pit 
Material  Used  in  the  Permeability  Tests 


UNIVERSITY  of  ALBERTA 
DEPT-  of  CIVIL  ENGINEERING 
SOIL  MECHANICS  LABORATORY 


rn  i 

SITE 

f—c  r  m  c.Q  Pi  1 1  ly  /  n  vc S  t  i g  a // on  \ 

U/  /  n  ^  £  t  R  it 

SAMPLE 

Staved  Stock  /~> a  c  f ions 
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Note  -  Sample  accidentally  disturbed  during  this  operation 
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Laboratory  Compaction  Control  Data 


Page  1 


Material:  -  Crawford  Pit  (-3") 

Sample  No.  -  11 
Additive  Content:  0.50$  N.P.C. 

1.  Air  Dry  Wt.  Spec  +  Additive  +  Tare  = 

Tare  = 

Wt.  Spec 

Computed  Hydroscopic  M.C.  =  1.1?$ 

.  •  Dry  Weight  Material  =  7 5 . 84  =  75*0r 

1.012 

Mixing  Water  Added  2.2  liters. 

2.  Initial  Compaction: - 
(a)  Control  Computations :- 

(i)  Desired  ^ensity  =  120#/ft^ 

(ii)  X  Sec.  Area  of  Mold  -  113.1;  Depth  =  24.37" 

(iii)  .  .  Req.  Length  Spec  =  75.00  x  1728  =  9.5^" 

120.0  113.1 


(iv)  Depth  of  Mold  24.37 

Desired  Length  Spec  -9. 54 

Req.  Depth  to  Spec  14.83 

Thickness  of  Piston  -0.76" 

14.07" 


80.65# 

4.81# 

75.84 


Req.  Depth  to  Piston 


.  . 
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(b)  Observed  Data 

(i)  Length  of  Perm.  Barrel  =  12.04" 

Average  Depth  of  Spec  =  2. 53 

Length  Spec  =  9.51" 

(ii)  Vol.  Spec  =  9.51  x  113.1  =  0.622  ft. 3 

1728 


(iii)  Initial  ■ury  Density  =  _75._0  =  120.5  $/f£ 

0.622 

(iv)  Initial  Void  Ratio  =  Gs  Qw  -  1  =  62,4  x  2.69  -  1  =  0.39 

"  Ws  '  120.5 


3.  Second  Compaction 

(a)  Control  Computations 

(i)  Desired  density  =  127.  “/ft3 

(ii)  Req.  Length  =  75.0  x  1728  =  9.02" 

127  H3.1 

(iii)  Depth  of  Barrel  12.04 

Desired  Length  Spec  9.02 

Req.  Depth  of  ^pec 
Thickness  of  Piston  1.17" 

Req.  Depth  to  Piston  1.85" 

(b)  Observed  Data 

(i)  Length  of  Perm.  Barrel  12.04 

Ave.  ^epth  of  Spec  2.95 

Length  of  Spec 


9.09 
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(ii)  Vol.  Spec  =  9.09  x  113.1  =  0.59 5  ft3 

1728 

(iii)  Dry  Density  =  75.0  =  126.1  #/ft3 

0.595 

(iv)  Void  Ratio  =  62.4  x  2,69  -1  =  O.33 

126.1 


4.  Third  Compaction: 

(a)  Control  Computations: 


(i) 

Desired  Density  131^ 

(ii) 

Req.  Length  =  75.0 

131 

x  1228  =  8.74" 

113.1 

(iii)  Depth  of  Barrel 

12.04 

Desired  Length  Spec 

-8.74 

Req.  Depth  to  Spec 

3.30 

Thickness  of  Piston 

-1.17" 

Req.  Depth  to  Piston 

2.13 

Observed  Data 

(i) 

Dength  of  Barrel 

12.04 

Depth  of  Dpec 

-  3.24 

Length  Spec 

8.80 

(ii) 

Vol.  Spec  8.80  x  113 

.1  =  0.576 

1728 

(iii)  Dry  Density  =  75.0  =  I30.I  #/ft3 

0.576 

(iv)  Void  Ratio  62.4  x  2,69  =  0.29 

130.1 
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Moisture  Content  of  discorded  Spec 

Wt.  Soil  Wet  +  Tare 

37. 87# 

Wt.  Soil  Dry  +  Tare 

34.75# 

Wt .  of  Water 

3.12# 

Tare 

4.60# 

Wt .  Dry  Soil 

30.1# 

M.  C  $ 

10.35$ 

6.  Final  Degree  of  Saturation 

S  =  W  Gs  =  10.35  x  2,69  =  96$ 
c  0.29 


